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R Kuuia @ Korrona w Jix Ywaxincouwa — vieSHHK HO Heopra-
HHGECLOW 2W (FW COBEDITICING JIOBOTO THNA, FOCBAHIENHHH VCHEXaM ”
NEUPFAHMNCCRON XHMHH B TEOPRTHYECKOM ACHEKTe. "
Knurd cocroMT 03 Tpex vacted B meppofl M3NOMEHH! TeopeTH- .'_
WeCkME LPEACTABNEHHS © CTPOEHMH ZTOMOB B MOJEKYJ, IIPHUEM TJiaB- i
HOe BHHVAHHE OOpAMmEHO MHa V4elHe O HMDHPOJNe XHMHYECKOH CBAH 2| e
W ocoleuio HA METol MONeRYJApHBIX opOutanen B ¢opme JIKAQ. HPEARCTIOBUE
BTopas w4acTh NOCBSUIEHA XHMHM HeDepeXoJHeIX 3JeMeAToB. B ’
TPerbed YacTH ONHCAHM CBONCTSA MepBOro, BIOPOro H TPETHErs pPaioB i

NePeYOIHRIX JTeMEHTOB. "| I'Ipeﬂ.Jiaraemaﬁ BHHMAHHIO COBCTCKOTO uHTaTes i KHHTA $ Korrona
ABTOPLL [PHEOANT NHOMECTBO INIPHMEDOB COCIHHEHHH, BHOEPBLIE t! W K. YHOKBHCOHA «Advanced Inorganic Chenuelry s - paxbonee 110“-
CHHETEZNPOBAHHBIX 3d MOCHejHes eCATANETHE, f m Jiﬂpi[blf{ }qeﬁHHK COBpeme}{Hoﬁ HCO]J]"BHH‘-IECKOH XHMHH, IIOJI}!IIHB[HPIH
[KuuId npejHasHasela IR IWAPOROTe KPYTd RHMHKOB-HEOPTaHH- 4 BHICOKYIO ONEHKY NpakTHHUCCKH BO BCEX YHHBEPCHTETZX Amepaxu w
KOB M (PHINROAUMIROB — HAYWBbiX pafOTHHKOB, NpencJaBaledqeliy EBpOI]Li.—- BLIXGAWT B PYCCKOM miepeBoje B Tpex HacTAX.
ACNHPAHTOB H CTYISHTOB AMMITECKHX BY3GB. .l i[epaaﬂ 4acTl, nocBAllena pasﬁopy OCHORHEIX TEOPCTHHECKHX I!poﬁ-
N ACM XHMUE, TIpezkie BCELO COCTOAHEA BOMpoca O CTPOCHME MOAEKYJ,
b HMEHHO P4CCMOTPEHHID MOJIEK Y TIDH NOMOLLA MeTOId BaJAeHTHBIX CBA3EH

W METOfa MOMEeKYJSpHBIX OpOHTaneh. Cneiys TepfCHUKH PASBRTHA COB-
[evenHoH HeopraHHyeCKOH XHMAH B HanpasaenHy BCE GOJ}bUIlEUFO HCHOML-
,OBAHHA MEI0JA MOJEKYAAPHBIX opburaseit s ero NPOCTEHLIEH thopae —
IPEACIaBACHHH MOJgeKYAAPHON OpONTATd Kak JiHIIEHHOH KoMOHHaNNK
AIOMHLIX opbutajgell — ABTOPbI KIIHTH OCHOBHOE BHUMAHNE YIETWAW
$ | J10My METOAY W UIMPOKC HCMOAR30BAVIH ero Jyist TEOPETHUECKOTO aHa-
Al3d GaKTHUECKOTO MATEPHANA HEOPraHHYEeCKOH XHUMBH

& KOTTOH JIX YHIKHHCOH
CospemeHHas HEOPranHUecKAS XUMKA

b
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Pegiwtop I Mangdrwe  Xvoowearx A Auxmownoea

¥y qomecTeeHRAH pogiktep PP Crupun TCXUHUCCKEMW pemaktop N Hosteaa ) Bo BTOpO[:l QAT paccmorpmm CBOHCTB2 HCONEPEXOAHBIX 3JCMEHTOB
[ meogeteo 24 1 1909 1 iloanucano K mesatH 8, 1E 1969 [ F
st T KO0 m T 00 Gym 14 00 miew m Su-man a 12,50 Han de 3/4483 X COtIHHEHHN.

ens | p 08 n Jax 3483
MITATEJALCTBO «MHMP» Mocxen 1 i Praexuf nop 2

B Tperpeil uacTu ONHCAHB NEPEXOAHEIE 3.1eMEHTHL H KOMIJIEKCHKIC
COCIHHEHUST THX sneMeHToB. Heckoabko HeofbldilbiM 00pasoM Npes-
ClaBJACHL! 3/eMenTH NOAFPYINbl HHEKA. OTHeceHHE HX K HEHEPEXOAHbIM

[' ' O e A R K asoes T aranogm pady o Kewitvora no mesamn 2.1CMCHTAM, (10 MHeHH:O ABYODOB KHUMH, BLI3BaHO OTCYTCTBHEM § CBO-

Lol R e D 58 GOMHBIX ATOMOB IWHKA, KAAMHSl B PTYTH HecrapPeHHbIX d-3JEKTPOHOB.

| i Koneuno, M0KHO comMHEBAThCSH B 000CHOBAHHOCTH TAKOH TOUKH 3peHHA,
{ ! I ! e B'OTKa3se OT npu3HaHAA 5THX BIEMCHTOB d-anemeHTamy.

i It D akTHyecku aMaTepHan 1{e0pra§1nl;ec}{0ﬁ XHMUH paccMOTDEH B

il \ueGHHKe IaBHBIM O6P230M ¢ NOBRLMNA MeTOia MONCKYJAPHLIX OpGH-

' Pd r]eﬁ, yTO HE MOX[eT HE BBI3BATh GOJLLIOTO HH1€PECa K KHHIE, TeM 60:

g ! JACC G4TO BTOT METOR TOJBKO HaiHHAeT NPHBHBATECH B HEODFEHHUECKDH

! Pedarxyua aumepamypul 1o LuMLd ! _: XHMHH H MOMKHO YI(BSBTB HEOONBLIIO® YHOAO yqeﬁHbIX Ky pCOB fO0 HEOp-

) 1anHYecKoll Xumiu, B KOTOPHIX Obl 13K WHPOKO OBLIO HPERCTABJAEHO

]/ Wnn 2-52 CIPOEHHE HEOpPlaHayeCKMX MOJICKY N B cBeTe MCTOAE MOJERYTIAPHBIX

80—69 opbKranci.

C.HE,IYET OTMeTHTL, YTO ABTODLY KHHWTH C G0 BINIAM AeJaroryuecKM
MACTEPCTBOM C) MesIH HPeO10Ae1 L TPYRHOCTH, cBsi3aHIIBIE C IPUMCHEHHEM




g NPEAMCAORBYE

MEeTOAA MOACKVIAPHLIX opGuTaell npu onucalil XHMHYECKHX CBOHCTE
CBOOOJHBIX 3TE€MeHIOB H KX COeIMHEHHH.

I/IS.FIO}KEHHE XIIMHH HENEPOXOINLIX XTENEHNTOB H HX COE‘,[LHHeHHﬁ cle-
JANI0 ACCTATOYHO HOTPOGHO H TONOTHENO HOBEHITMMH JaHHBIMH RO Xa-
pAKTEPUCTHKE COLAWNeHNH, NOJYUEHHHIX B IUCTEIHHE TOJbL.

Hecnorps Ha TOIHOTY HATOKEHAN PaK1MUeCKOT0 MATEPHANE, BLE KO
MOMKHO ) KA34TE HIEKoIopEe Npofenl. Tdx, He 0XapaxTepUsoBaHbl KOM-
ILIEKCHEBIe COEMBHEHHS ¢ MOJCKYASPHBIM BOAOPOIAOM, KHCJAOPOIOM B
410TOM B KaueCrse JUTaH/I0B; HeJ0CTATOUHC LOAPOGHO OMHCAHB! K14T-
paTibie CORNMHEHMA, THAPATH [a20B, B WACTHOCTH THAPATH HHEPTHBIX
raa0B; He YCTKO OTNCAHA XMMHUECKAas CTOPOHA OKMCIHTeJNLHO-BOCCTa-
HOBWI1C/1bEBIX peaklHil ¥ gp. BuecTe ¢ TeM KaxIbld BJeMEHT H €ero
coeHHEHHA MPECTABACHH B TaKoll dophe, 4To 3T0 JaeT NONHYI0 XapaK-
TePHCTHKY €T'0 XHMHUECKHX CBOWCTB. i

Hurepecisit pakTHUSCKHA U TEODETHUECKHH MATEDHAT HECOMHENHO
GyAET NONE3eH yHallAMCs XUMUYECKHX (PaKyJIbTETOB YHHBEPCHTETOB H
XHMHKO-TeXHOJOTHUECKKX BHICHIMX vuednnix sabefeHuil. OH oHaeT
GOJbIIYH0 TIOMOING JIHUAM, KEJAIOHKM O3HAKOMHTHCH C COBPEMEHHBIM
COCTOSIHHEM HEOPIaHMYecKOl XHMHHU. 3TY KHHI'Y MOMHO PEKOMENNIoBATH
B KaUecTBe OCHORHOIO PYKOBGIC1BA NO YYCOHOMY Kypy MEopranuyecKoi
XHMHH I1a XHMHYECKHX (PaKY.Ip1eTaX YHUBEDPCHTEIOB W B XHMHKO-TEX-
HOJTOTHYeCKHX By 3ax.

[Tpy peNaKTHPOBAHHA NEPEBONd KHATH HE CNeSaHO KaKux-ando
JobaBaeHiA B CYNIECTBCHHBIX H3MeleyHii rexcra. MenpapicHel JHlib
oueRHINLle OOk, Menpabienus TekCld Kacailuch NIaBHEIM 00pazoM
ero TEpMHHOJOTHYECKOH CTODOHHL.

K. Acmaxos

NPEAMCHORHE
RO BTOPOMY H3UAHITIO

Hecmorps na To 4TO OCHOBRAA CTPYKTYP2 KHATH He AORBEPINACch
H3MEHEHHHM, IEKOTOpKIE PASUEJbI Mbl [ePEMECTILTH H NDHBEJH B COOT-
BCTCTBHE C COBPEMEHHBIM YPORHEM HAYKH Bech (panTHYECKHI MaTepual,
Bypupifi pocT AMTepaTyphl 32 NOCNEARNE TOAb! NPHBEN K YBEJTHUEHHIO
o0zema Matepwana. OIHAKC Ta kiMra JcJuKkHa OhIThb yHebsuxom, o
He ClPABOYHLIM PYKOBOICTROM, H, C Hauie T0UKY 3peHus, JyYlle HMCTh
M3IOBITOK MATEPHATA, HEN OMYVINGTL €10 NEUCTATUK, 14K KaK ReKoTophle
pa3leqbpl BCEPAA MOGHLHO ONYCiHUTE.

B cootBercTsiH ¢ MHOIOUHUCISHHBIMH TpeSOBaUHAMK MBl YIYHHIHIH
H3ACMEHNE PEKOMEHAOBANHONE JANTCPaTyphl, KOTOPYIO AAs 3TOro noj-
Pasfenid Ha TPY TPYTILL

Bo-nepsuix, An% OCHOBHOH MacChl IABIO H3BECTHEIX M XOPOLIO
VCTZHOBAGHTLIX PAKTOB ¥ TeOPHH MB Ue NajH pasBepHYTHIX CCBLIOK,
TAK KaK TAKOR MATepHaJ MOKHO JeFKo NafiTH B QOLIMHEIX CHPABOUHHKAX
H KHHTax, KOIODbIE NEPeUHCHEHDl B KOHIe TEKCTa.

DO-BTOPHIX, AAR HEKCTOPHIX MAJIOWSBECTNLIX (JAKTOB, B3ATHIX H3
OB30PHBIX CTaTedl M MOHOTPahHil, COOTBETCTBYIOULHE CTHCKH JHTepaTy-
PLl HPUBEJEeNlb!l B KOHLUE KaKIOH FJaABBI,

W naxonew, B BHIE CHOCOK B XaxkiOH IMABE MBl BRAKYNNH CCBLTKU
H2 OPHMHAAbHYK nauTeparypy. OHH WHPOKO OXBaTHLIBAIOT NEPHOL C
stsapy 1962 r. no asryer 1965 r. n npegpasHadenst 115 npenogapate-
AR W ayarBix paboTHMKUB B KAYECTBE CHPABOURON JHTepaTypel AJs
Tekywell paboThl.

Mer nonbayeses cnyyaen noGnardfapuTh BCEX, K10 Jaj CBOH 3ane-
Yalius [0 NOBOAY NEpBROTC W3AAHHA.

b, Kommon
KembGpnix, Maccauycers

A, Yuarurncon
Jloupou, Awraua



TIPEAHCTIOBHE
K UEPBOMY H3JAIIIO

CoBepiueHnio OUYEBHAHO, UTO HEOPTaHHYECKAs XHMHS HCOLITHBAET
NePHon yenemHoro Boapoxeina. Hayuneie W NpoMbiuednsc tece-
J0Ba"ua B 0OJACTH HEOPraHHYeCKOH XHMHMW HENPEPhIBHO PACIIHMPSIOTCH
M upeno neenelopareabcKux pator W ofizopos pacteT neobbidaiHo

Hecnmotpsi Ha 6ypitoe paseuTHC 3TOl 001aCTH XHMHM, B HacTosllee
BReMsT 11eT ‘_}HEﬁIIHKﬂ, HATTHCAHHOIG HA (‘OBPGMCHHOM }’pOBHe, BK. 10~
UAKUICTO MHOIHC HOBRC JOCTIHNKenHa xnvad. OcoleHno muoxo ocge-
menkl yenexw B 00nacti TEOPHH W IIH1ED)PPTAUHH XapaKTepa CBASH M
PCAKLHOHHON CMOCOOHOCIH Heepranayecknx coeannenui Ileay wactosn-
e paborsl, RoTopad §asupyerca Ha KypcaX, MPOUHTAHHLIX aBTOpAMH
1a nocaepnne H5—I10 ser, yuosiersopurs 3TH notpedHocTH. Mut Haje-
CMCS, YTO KHHFA 00ecneqdT HageXkliylo OCHOBY MG COBPCMEHIICH Heop-
FAHHYCCKON XHMHY HOBLIM TIOKOJNEHHAM CTYJAEHTOB H GyIer cTHMY.Iu-
pOBATEL HX upTepec K Tofl 06JAcTH, B KCTOPCH KBANHOUUHDOBAHHLIN
[IepCoUa BCe GIUC upe3shialHo HefocTaroyel Kak B HayuliklX, Tak H
¢ IIPOMBIINIERHBIX J1aB0opaTopHaX.

[IpenaraeMas udTATCHIO KHUMA, OXBATHIBAIONIAA XUMMIO BCeX 3Jae-
MEHTOB B MX COEHHCHHH, BKNOYas H o0cyRIEHHE BCEX BOIPOCOR C TOUKHE
SPUHHAS TIOCHENHRAX JOCTHXMEHNE CTPYKTYPIOH XHMHM, obweh Teopuu
BANCHTHOCTH M OCOGEHHO TCOPHM NOJA NHTAHACB, TPEACTaBARET coBoit
PY3Y MEOE JOCTHXEHHE JA8 NOArOrOBJEHHRIX CTYJBEHTOR aHnIHiicKuX
H AMEPHKALCKWX YHHBEpCUTeToB. Ham onuiT NOKasslBaeT, yTo Kype
UPHMEDIIO H3 BOCBMM JACKUHH JHenaTeleH KaK BBENEHHe K HayuyeHHIo
3100 marepHania.

Mpr oyens Gmaropapithl HAWHM KOJNeraM, KOTOPhe 03HAKOMHAHCDH
C YaCThIO PYKOUMCH, 32 UX 3aMedanua H kPHTHKY. Ho, noreuno, 1oi1bKo0
CAMH @BTOPHI FIECYT OTBETCTBEHHOCTD 33 OIMHOKH M BPONYCKH B OKOHYA-
TeaLiiom BapuanTe. Mpl GAarofapnbl TAKKE PANIHUHLIM aBTOpaM |




10 MREJHCIORHE K TIEPROWY 131 AHKID

H321eMAM. KOTOPbIC CTOIL AIOGCIHO PA3PEIUMIH BOCOPOHSBECTH Tuar-
PanMET ¥3 UX pador; ocolble H,1arONAPHOCTH O1MeYeHR! B TEKCTe KHHUFH,
Mbl HewhpellHe oueHHBAEM [1OMOIE CeKpetapef-novomnny muce C. Poce
n nuce A, Bredix B noiroropge pyKOuUMCH K H3AANHIO.

b Kammow e, Yuawuncon
Kenopitia, Maccauyceie JloHgon, Anrnpa

NPUHATHIE CORPAINTEHHA

BOALIIKRKCTBO COKPAEennil gBISIOTCA oBUeNPHHATHIME B JTHTEpa-
TYype 1o HCOPTaHHYECKOH XHMHM.

Bee rTemneparypet jausl B rpagycax Lleabens {°Cl; Temneparypsl
no afcoToTHOH iukate — B rpaiycax Kenespuna [°Ki.
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dcac
Am

ag
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BC
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diars
diglyme
dien
dike
diphos
dipy
disuli
JIMGA
AMI
JMCO
ATIK

en
entu
Et

glyme
h

anrerpen (1078 cu),

AUCTHIAHETOH HJH ero aHHom, -
AMMHEK WM MOHOIEHTATHEBI anuH,
BOANILIE, BOLA,

ACHMMCTPUYHBIN WAH AHTHCHMMETPHYHBIH,
BaNeHTHan CBA3L,

OyTHT,

6enson,

HUKJIONEeH1 I HETHI,
BPaBoRpaAIINGY,
o-therunendrcaAMeTHNAPCHH,
HEMETHACBLIH 20HD ITHNEHIIHKOIA,
JHITHREHAMUAMHAH,

LHKETOH,

AuchocdH,

2,2'-qunupuaua,

Aucynbgul,

Juamernncopmanun,

AMMETHUATHOKCHM HJH €ro ANHoH,
JAUMETHACYNIb(OKCHA,

ANITHACH1 puaMABDelTaYKCYCHa s KHCNOTA
HJH ee aHKoIL,

3THINEHNHAMHIE,

3THACHTHOMOUEBHHA,

3TH,

MOROMETHIOBRIL 3dup ITHACHIMMEOAA,
mocrosmHas lnanka,




MPUHATHE COKPANLE A

MK — undpakpacumil,
{ — neBOBpAULAIOULH, L —
L noarn : T
M — wmerana, )
Me — merui,
MHT — purnovaneoHuTpus,
MO — sosexyaspHas opGuTanb,
MO JIKAO — ronegynspuans opOuralih KaK JHHEHAA KOM- OB Aﬂ TEOPI’IH
GuHauHA aToMBME opburasei, ].I_l
oxine — 8-0KCUXHIONHH,
OX — OKCajaT-HoH,
Ph — denua,
phen — 1,10-denantpoaur,
pn — npoiuicHidanmue  (1,2-iuaMuronponaH),
Pr — nponua,
Py — UHPHHEHH,
R — aakunueasd uiay apuiblias £pyoma,
t?}.ﬁrz _ :E?;p&} JEHTATHLIE apCHEL,
. tn — [, 3-asaManonponan  (TPHMETHISHIHAMUH),
tren — PB,p’ 0" -TpHaMHHOIpPUITHIEH AN,
{u — THOMOUEBHRHA,
T. KHII. — TOUKa KHMenud,
T. M. -— TOYKA ILRABJEHHS,
T. ¢yBI. — Touka cyOAHMAUMM,
TIr'® — 1serparunpodypas,
TTA — Ttenounrpudropauetod,
Y& — yanrpaduonerorni, ,
GO — uukacokragmen-1,5,
38 ~— BACKTPOH-BOJLT,
DATK — srupenguamudTeTpayKCycHas KUCNOTA M ee
anyon,
OMP — asmekTPOHHLIA FAAPaMATHUTHLIL PE30HAHC,
AMP — slepHBlf MarHuTHBI! pe3oHAaMC,
X — ranoren HAH HCEBAOFaNOreH, .
Z — nopsAaKOBHI {atoMnulil) Homep,
£ =— MOJAAPHBLUE KOSHOULHERT IKCTHHKUUY,
v — uacrata [cm™,
Wp — MarHMTHBU MoMmear [B Marnerosax Bopal,
% —— MATHHTHAA BOCHPHHMUYKBOCTD,
8 — nocroAuHans Kwopu - Beiicca.

sl o 535

WACTb NMEPBAM

3Hauennd HEKOTOPLAX MOCTORHIBX H KOSElJ{IJHIIHEHTOB nepecyera
npHbedeHE B KOHUE KHHIH.
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JERTPOHHOE
CTPOEHHLE ATOMOB

OcHoBHBIC O6BACHEHHA BCEX XUMHUGCKMX SBJICHAN NOMEKNL Gasupo-
BATLCS HA DPEACTABIEHHAX O CTPYKTYpe AToMoB., HecMmoTpa Ha Manymo
BePOATHOCTE TOTO, UTO TAKKEE 06BACHENHA MOIYT ORTE CHOPMY.IHPOBAHDL
CTPOTO HIH {[OJHCCTLIO B O.1MxalimeM OylyuleM, TeM HE MeHeée Jaxe
npobnrle  TOMKOBAHMSA, KOTOPLIE  HRISIOTCA  YacTbie COBPeMeHHoi
LUMHUECKOH TCOPHM, OCHORAUL! 114 IPCACIABIENHAY Of 2LOMUOH CTpyK-
TVpe.

Pagora Pesepdopaa (i911) no paccedHHIO BeuecTBOM 2~YaCTHIL
(A4ep aTOMOB Tesius) NOKas3aaa, uTo B MOJOMHIENbHO 3P HKEHHOM -
pe B oYeHb MAJOM oOheMC COCPefoTOYeHA NOUTH BeA Macca aroma. [lo
COBPEMEHHbIM OLEeNKaM pajiyc sapa cocraBaser ~ 107 cm. OpHako
A OCHOBAHKY LENore pafa AAHHBIX WBRECTRO, 410 PaAHYCEL aTOMOB
unumepHo paBsbl 107% em, T. €. HOpHAKA ORHOTO AHICTPEMa.

Taxum ofpa3om, aToM COCTOHT H3 FpYHIILE 3N€XTPCHOB, pacnpeic-
JIENITBIX B nape EHaMeTPos HECKONLKO AHICTPEM, H MAQTHOTO ROJOXKH-
1&/ILHO 3apsAKeIoro slpa, pacnoloxKeruoro B uenTpe wapa [1].

3a uckmovenveM u30TOnHBIX 3GipeKTOB JETKUX aToMOB, SAPO OKA-
TLBAST HeaHAUHTENLHOE BAKAHWC HA XUMHUECKOZ NOREREHUE ATOMA;
KPOMe TOTO, OHO CNpejensieT YHCAO0 3JIeKTPOHOB, OXPYHKAIWUHX erc,
Oanaxo Hekol0pele CHEKTPaNbHEle MeTGRbl, 0CO0eHHO AZepHLIA Mar-
IMUTHLL pesoHanc, 3asUcCAT OT CHeIH)UUYECKUX CBOHCTB fiAep, TaKHX,
KAK MaTHWTHBIT MOMEHT W CIIHH.

[Tockoabpxy XUMHYECKHe CBOMCTBA ATOMOB H MOJEKY/ 38BHCHAT 10Y-
Uil MCKTIQUUTENLHO OT CTPOSHU 3ACKTPOUHBLIX 060nouek, a He QT aAmpa,
AeJaTe/-HO HAYATE PacCMOTpEeHHe IeOPraBuuecKoil XUMHH C KPaTKoio
3.TOMEHUST HEKOTODHIX OCHOBHEX (DaKToB M MPHHUANOB, KacalolinXxcs
SJICKTPORHCH CTPYKTYPHL ATOMOB.

[lpruvepHo B Havajge 3TOFO Beka NpPH HCCHGHOBAHEA WH3JIYUeHHS
pacKaleHHBIX TeJ, HCNYCK&HHA 3JeKTPOHOB C MOBEPXHOCTH oA ekt~
cTilleM uznyuenus (horosaexkrpnueckui sddexrt) ¥ nosfues, Tpw uc-
CIeJOBAHKE ATOMHBIX CHeKTDPOB, (M3ukH Ccflelany paj OTEPLITHH,



16 FAVBA

KOTORLIC 38C1 dBHJTH HX ﬂpilﬁ'l]{ K BHIBOY, UTO ATH ABJEHKH &10MHBIX H
£y Ga10NHBIX MACHITA00S FHERTHA MEHAETCR He HeNDepLIBHO. JNeprTHs
MOMCT TPHHAMAETH 1015KO O pEeNeICHHBIE 3HaYeHu g, KOTophie ABNAIGTCH
HOIBIME KPATIHRIMY HHCTAME QCHOBHBIX €JHHHL, NAa3BAHHBIX KBaHTAMH,
Takiv odpasos, JHEPrHM 1HX CHCTEM, KAk TOBODHT, KBaHTYWOTCS.
| [pencTaRaemie © KDAHTOBAHUY HEPIHn GHNO BACPREE [PLIAOKEHO
laugow v poswke, B ¢Bs3n ¢ oObsAcHenkeM (oioanexTpuHacckoro sg-
dien g, SHinwrefiyon. B peavaprare ux pador noayueno dpysaaMentaab-
1IOL COOTIONIERHE MEKAY YACTOTolH cBeTa v U sHeprielt E doToka

E=hv {1.1)

1 WOTODOM SHEPTHSA BLIPAXKasTCA B 3piax, yactora — B Tepnax, a koap-
(UILIEenT MponopunonanbiocTy h, nasmipacyunil nocTonnnon Ilaanxa,
mnicer anavepue 6,6256-107% ape- cex.

Cuenhb BamHbl (UIKUECKHH CMBICT JCXKHT B OCHOBC YDABIHEHHA
(1.1). Xors X0powo u3BeCino, uTO CBer 00141a€T BOJHOBBIMK CBOHCI-
BANM H BO MIIOTHX CHYMAAX HYMHC YUHTLIBATH €rO BOJHOBOMW Xa-
DAKIEP, TPH PACCMOTPEHHK aTOMHBIX RPOIECCOB, B KOTODHIX OH BO3-
IIMKAET WJH JIOLVIOHIAeTCH, ero clelyet CHHT4Tb IOTOKOM SHEpreTH-
HECEUX TIAKETOB, HJIH KBAHTOB, ]{aH{;{I)!r‘I H3 KOTOPBIX HMECT IBENTHI,
orpeensemyio vpashennem (1.1), B coorpeTcTBuN ¢ HacloTo#l v. TaxaM
0}Pa3OM, €CAM aTOM HCHBITHIBAeT FEPCAOL, OCBOCOKIAMUE HEKOTOpOE
KO 1HYCCTBO anepriad E, To Bcerna HoABAARTCS OUMH KBaHT CBEld ¢ vac-
woioit Erh, a #e ABa KBARTA ¢ PAlHBIMU YACTOTAMU W JHEDUHAMM, JAl0-
ILIME B CYMMe COOTBETCTBYIOHICe ofllee KoiuuecTso sHeplvi. Cnpapel-
JUBO H oDpaTHOe NOJOMKEHHE: ec/ilk aToM HOTNOIEeT JYUACTYIO 3HEPTHIO
Il COBEPLUAST REPEX0], COAPORBOMEAAIIAACE YBeJHYEHHeM el0 ZHEPIHH
na peanunny F, 1o GyAeT NOTAOHEH TOALKO OAHE KBAHT CBETA YalTOTHL
[J/h, a ne ppa Wiu Gogee KBAHTOB C DA3HLIMH 4acTOTaMH, Hdme ecai
HEpl OH 1eCKOJMbKKX KBAHTOB B LEAOM coctaBnsioT E. 3TH npocreie
K IR IOZBOASIOT O YACTOTAM H3JVUCHHOTO KAH [TOFRJOILCHHOTO CBETA
¢qenaTh HelocPEACTBEHHO BHIBOJ O PasAHIHH MEKAY SHepreTHUeCKAMH
COCTOXHUAMHE ATOMa HAH MOJEKYJbl

1.1. Teopua crpoedun atomos Bopa

Kynsmunaukehi paspHTHS Hied KBalTOBARHA N0 NOABREHHT BOAHO-
noit MexaHugy Obuta Teopus atoMa Dopa. Hocryaupys, ute yraopoi
NOMCHT JIEKTPOHA, JIBHZKYILETOCH BOKDYP fipa, MOMET [PHHAMATH
TONLIG TAKHC 31AY€HMA, KOTOPLIE SIBJIAIOICA ueAuiMH KpatHbive hfZn
(a unexno rhy2m, roe h — rocroAnnas [laanka), a B OCTANBAOM ue-
O3y TOALEO IIPOCTHiE COOTHOIIEHHST H3 KAJCCHYECKOH MEXaHHKH,
Dop noayuna ypasuenua (£.2) 1 (1.3) cOOTBeTCTBERNG ABR pajuyca

P
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SMEKTPOHBHOE CTPOEHME ATOMOS

H BHEPTHH sJMeKTPOHA Ha efo pasHbIX OpOHTAaX BOKPYFP sApa:

ntht 2

r:m=n 7 (12)
2 o 203pet 2 R
=t = (1.3)

B s1ux ypaBHeHHAX Z — 3apsaa AApd B aTOMHHIX elupniuax (Z=1 ans
H), h - nocrosuuas Tlnanxa, e — sapuj) IeK1poHa, a [ — NpuBe-
lenHaa macca ' 3TEKTpond {IIOYTH pabHa 1 — JCHCTBHTENLHON Macce
AeKTpORa). YuCNo 7, BBEARNHOE AAA TOTO, YTOOHI TPOKBAHTOBATHL YI-
JIOBOH MOMEHT, Ha3HIBAIOT KBAHMOBHLM 4ucAoM. MRONHTENE g, KOTOPHII
npelctapaser coloit pagdyc napbonee crabunbhol opbutel {(n==1)}
aroma BOIopona, HasHBawtT Soposckus paduycom. On pasen 0,529 A B
ATOMHOR (HBHKE ¢r0 uaCTo HCIOJB3YIT B KauecTBe ENHHHIILE ANHEHBL.
Bennunna R, HaswiBaemasi pudfepeom unu nocmosurot Pudbepea, kak
BUNHO, ABIfETCH NPOR3BEIEHHEM OCHORHBIX KOHCTanT.

Teopua bopa Haxonuaachk B 3aMeHaTeFHOM COMMIZCHH CO MHOTHMH
IKCUCPHMENTAALHEIME §aKTayMy H BrepBbie Aajga yAOBJIETBOPWIETbHOE
00bACHEHHe OWREHUATHX chnexTpos aTtomos ({cp. puc. 1.5, crp. 28).
Hanpumep, npn nosomy ypastedua (1.3) MoxnpO GBNO JIETKC Bhivkc-
JUTH SHEPIHIO, HEOOXOZUMYIO Anf WKOHW3AHHK ATOMA B €70 OCHOBHOM
COCTOAHHH, T, €. AT% TOr0, YToGu YIATHTh SJAEKTPOH OT MPOTOHA Ha
fiecKoHeyHO OCoAblLve pacCTosHAe., JTa SHEPTHH NPOCTC paBHa R, u
Ha puc. 1.5 owa nokazaHa cTpenkoft, NoMeveHtol 6vKBofi /, Koropas
ABAACTCA OOBHBIM O003RAUEHUEM SHEPriH HOHHM3ZUHH. 3Hauenue,
BEIYHCJEHHOE TAKHM 00PA30M, HAXORWICA B XOPOIEM CORTAcHH C 3K~
CNepHMeHTAALHO YCTAHOBJEHABIM. Bosee Toro, npeanofaras, T atoM
BOJOPONA, XapaKTepH3VeMbiH B HeKOTOpOM NAHHOM COCTOSHMH 3Haye-
fIHeM n, PABHBIM 72, MOMKET NepeilTH B ApYroe €ocToflKne, KOTopoe Xa-
pakTepusyetcst n”, nuGo noraomas snepruio {ectd 1’ > n’), NGO 13-
Jyuasi ee (ecan n”<Cn’), Bop csor paccuutarh 4acTOTBI BCeX JHHMI,
HaO0MI0REMBIX B CNEKTPAX FIOTHOIEHHA H H3JAYYEHHS aToMa BOJOpoONa,
ncnonsdys ypasnenne {1.3) ¢ R, BHUHCTeHHOH no sHauewusM (yHRa-
MEHTAJILHBIX KOHCTAHT, Yepes KOTOpPhHE BHIPAMKEHA 3TA {OCIOANHASA.
Kamnaa nocrosinyas Gpiia H3Mepena vesasucHMo. Ha puc. 1.5 cTpesiku
UOKABHIBAGT HECKOALKO JEPeXOA0s, OOYCNOBAHBAIGIIMX XOPOILO W3-
BECTHble JIHHHK B CHEKTpe HCIYCKaHHA BOKOPORA.

Kak Hu 3sameyareser G ycnex Teopun bopa (koropast Guita varyu-
Meka JoMMepdenabiAoN TaK, YTO CTAA0 BO3MOMKHBIM pacCMaTpPHBATh Kak
YINANTHYECKEE, TAK W KpyToBHE op0liTh), CKODO CTA0 CUEBHIRKIN, YTD
OCHOBHOE MpeAcTaBIeHHe 06 3NeKTPOHE KaK © MajeHbKoli 3apseHHol
UacTHIE, NOAYHHNIOLLeICST TEM ke 3aKOlaM {33 HCKJATOYEHHeM KB4HTO-
BOI'O OTPAHMYEHHS, HAJ0XKCHNIOTO HAa €ro YTJOBOR MOMERT), KakHM

* Ecaw M — macca aapa, 10 p=mM,(m+ M),
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NONSHHAIOICH MEKPOCKOMIYeCKHe 1¢ha, Heepno. THostouy Teoperuue-
CKasl GU3HKA 33HAACH [IOHCKOM HOBRIx OpM MEXaHHKH, NpHMesnof
K HTOMHBIM H CYOATOMHbIM  SIBJIETISTM.

1.2. Havago BoaHOBOdI MCEXAHNEN

Ocnopras 1ies ROJHOBOH MEXAHMKM 33KTI0UAETCH B TOM, 4TO 171H
TAKHX MaJLIX TCi, Kdk HTEKTPOH, HEAb3IA ¢ ONPCHCICHIIOUILIO CKAlHTh
{(kak 3710 Aenan Bop), rie oo HAXOWITCA B TaHHOC Bpevis I KyAa Ha-
NPEaBJIHETCH, MoxxHo YCTAHOBHIL TOMBKO OTHOCHIUILIYIO B8CPOARIHOCITS
€r0 HAXOMKACHMS B TOM HIH 1THOM MEeCTe M HalduuHe OONE/ICACIiNot 0 Ko-
JHUYECTEBd OBHXKEHHKHA B OHIJE,IIEJ]EHHBIH MOMEHT DBDCMEHH. KﬁK KOHET
IIOKAa3aThCa Ha LiePBBIA BSIA, 9TC CO313eT NEKGTOPYIO HEONpeie.1eH-
HOCTh, HO B JIeHCTBHTEJABHOCTH 310T0 BOOANE JOCTATOYHO, YTo0b pace
CMATPhBATE HPOOAEMBEI ATOMHOA U MOJEKYJIAPHOH CTPYKTYpul. Orpa-
HHULIMCH TOABKO TOH CTOPOHGIT BOJHOBOW MOMAHHKH, 4 HMEHHO TOH
LACTHEY TEOPHU, KOTOPay BMReT HRf0 CO CHUMIHOHADHAIMLU COCITIORHLIAMII.
CTaluHOHADIEIM COCTOAHHEM HABJACTCH TaKoe, KOTOPUE 1IPOAONAKAeT
CYULECTBOBATL B 1@UCHHE ATHTENLHOMC BPEMeld, ecNl¥ TOJALKO OHO He
IIOJIBEpraeTcs BHelHeMy BO3jeficTBHI0. IuepreTHUECKHE COCTOANUA
atoMa BOAGPOA ABASIOTCH CTAIMORE PHBIMH COCTORHBAMIL TAKGH CHCTEM .

B cooTBercTBHM ¢ BOMHOBOfI MeXaHHKOH xKakad-auo cucrema —
aToM, MOJEKYJIA, 3NeK1poH B CBOOOIHOAM MpOCTRANCTBE WU T. I1.-— ONli-
CBIBAETCH (PYHKHILEL COCMOAHUA, WK 60210680 (hyHKItiel:, oDo3TaYac Mo
P, KoTopan sBise1cs GyHKLHeH KOOPAHHAT BeeX YacTul, obpa3youux
3TY CHCTEMY. C.}IEII,OBBTEJILEIO, BEJIYHIIA 11/ 3ABHCHTI 10AbKG OT {10J10e-
MR BCEX YACTHL B TipotTpancree. B aannnefunem Syaet obcymuen (u-
3HYECKHH CMBICT BedHyuHbt 1.

Yrolbl NOHATH, noueMY ' Ha3bBaIOT BOANOBOH (YHKUMEH H nmoucMy
BOJHOBAA MEXAHHKH NMpeAnCfaraet, uro Heib3fl TOYHO ONPeiefuTh Ho-
JOKEHHE 3JICKTPOHA, C¢JeIyeT pPACCMOTPEThH HEKOTOPble OTKpPLITHA B
iPi3HKe, Kortophle ObiTd CHRENAHBl NaKalyHe TOre, Kak BOJHOBAA Mexa-
nuxa  Obl1a  copmysuposana  dnsdxom Ipsuxom  [Hpelnurepo,
B 1924 r. ge Bpoitns npeanoqoxu, 4To TOMHO TaK ¥e, K&K CBET, KoTo-
phlit, KaK oOLIYEO CUWTAOT, UMEET BOJHOBYIO MPHDOAY, HA CAMOM Aene
npH ONPEeIeNieHHBIX OGCTOATENIbCTBAX BeleT cebA Tak, kak 6yAaTe ou
COCTOUT M3 YacTHIL (KBaHTOB, YUIOMMIABIIHXCH BbILC), ¥aK H OUEHL Ma-
JIBle YACTHIEL, TAKHE, KAK SJEKTPONL], TaK:ke MOPYT o81afarh BOJANO-
BLIMH CcBOHCTBaMH. Ha ocHOBaNWK ONpeicieHHEX TEOPETHYCCKHX COOb-
paxenudl e Dpofiip BuliyKIeH Obli NPEANONOKHTL, YI0 ¢ OVUKOM
3JEKTPOHOB CJelyel CBA3BIBATL AJMHHY BOJIB, ORPEASAHCMYIC Vpas-
HEHHEM

h
?U:-- R
: (1:4)
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rie h — croBa nocrosinkad  [lnakka, a p — KONWMECTBO JIBHIKEe-
HHS 3JeKTpola B MydYKe, T. € CFO Macca, YMHOMKCHHas f1a ero CKo-
pocrh.

Pu3HUECKOC NOATBEpKIEEHe BOMNOBOH npupolbl anekrpona OBLIO
npoievorcTpHpoBano B 1927—1928 rr. JlefisucconoM, xepmepon u
ToncoronM, KOTOPble MOKA3aJH, Y10 i1YHOK NeKTPOHOB MOMKET HCIBIThI-
BaTh AHPPaKIHIO Ha MOTXOJMACH petueTRe (aToMbl B KPHCTALAe 30J0-
14), AHANOrMYHYIO ANDPaKUMH TTYUKA CBETA.

To1 dakr, UTO CHC1EMBl MANLIX YACTHIL IPOSBASIOT, TIO Kpafinefl Mepe
1IPH ONPENCNEHNHY yCA0BHAX, BONNOBLIE CBOHCTBA, MPealoaraeT Bo3-
MOYKHOCTS ONHMCAHHA TAKHX CHCTEM YPEBHEHHSMH, HOTOOHBIMH TEM, KO-
TOPLIE, KaK M3BECTHO, ONHCLIBAIGT APYTHe BHALI BOJHOBOTO JBHXKeHHH,
nanpUaMep BOAHBI, KOTOPLIE PACIPOCTPalAOTCS BHONL Koaebaomelcs
CIPYHB!, HAH BOJHOBOC JIBHKEIHE, TPHIIHCHIBAEMOR JJEKTPOMATHUTHOMY
nanyuennio. MeficTBH1enibHO, MOMEBO Hauatb ¢ BOAHOBOIO YpPAaBIEHHS,
COOTBCICTBYIOINENO 3AEKTPOMaTHHTHbIM BONIHAM, W NYTeM cnpeleJeHHbIX
3aMeH TIPEBDATHIL ero B YPABHEHHE, COOTBETCTBYIOLUEE lAuIeMy Y-
ua; XOTA 371 3audelb] AUKTYIOTCR duauyeckumy NDHURHAMH, OHW B
OCHOBHOA HPOH3BOMLHBE H MOFYT OHITh HPABATL TOJILKO TO0TOMY, YTC
BPHBOAAT K VPaBNeHHKD, KOTUPRGe, haK NOKA3BIBASY OIBIT, HO3BOJAACT
IIONYyYUTh TpaBH/IbHbIC peulennd (hHalueckux 3aaad, [lostomy caemyer
IPHHSITE BOJNOBOC ypaBiieliHe K4K NOCTYJAT, T4k XaK ¥ XMMHKOB OC-
HOBHOH HHTEpEC BuISHIBAET [IPMMEHeHHe BOJHOBOrQ VPABHEHUSI K ATOM-
apid M MONEKYAAPHBEIM cHCTEMaM, a He ¢usudecKde M MaTeMaTHYecKHe
coo0PaXKeHHs, KOTOPBIMH pYKOBoJACTBoBacsa [Lpennurep, snepsrie ero
let}ﬂﬂO)I{HBLIIHH.

Boanosoe ypasnensie. BonHoBoe ypaBHehne, KO10poe HpHMEHSIOT
751 PACYTA CTADWMOHAPHLIX COCTOANMHA CHUCICMBY, MOMHO 2anNWCaTh B
upe3BbYAiHO OPOCTUM CHMBOJNHUYECKUM BHIE:

Sty =L (1.5)

rie F¢ npeicrapager coOoil onpepeneniinlit criocod Bulpamxenus ofmed
SHEPTUH CHCTeMbl, & £ — YHCIORCe sHauckite 3100 suweprui, [nsa Beex
CHCTEM, KOTOpBIe ODBIUHO MITEPECYIOT XHMHKOB, ofllas sHeprus npen-
C1dBJIAET COO0H MPOCTO CYMMY KHHeTHUeCKOH 3Hepruu T H NoTeRUMAAb-
HoH sHeprun V, T, e, .

H=T+V (1.6)

IJra cooTHOweHHe OGLLTO JUHPOKOG HCMOALIOBAHO (PHSHKOM-TEOPETHROM
Famynpiones, U H uacre nagwisanoT ¢gyuxiwed [anHILTOHA H COOT-
BETCTBEHHO Jf 2aMUALMONUAHOM cucmemsl. B kavecTBe npumepa pac-
CMOIPHM MOZeal, aToMa BOjlopoia, npeinoxeniyio Bopom. das npo-
CLOTBL TIPEANOJIOKHM, YTO TSIMNKEN0e HAPO 3AKPEANEHC (OHO HOUYTH, HO
He COBEPLeHHO HCHONBHKNIO, KOTJA 3JeKTPOH ABUMKETCH BOKPYL Helo).
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Torta noasas Kuvelueckan suepiud 7' cueTenmsl NPeAciab.isier CofoH
APOCTO KHHETHYSLLYIO JIE BT #IChTPOolIa

T = o m? a7

rie A1 — Maccd JICKIPoitd H v — €10 Chopotie [loTeduna ibian sHep-
PHA CHCIOMBL CCTb TPOCIO JHLPETY  BUSHITRJIOWAS BCICTCTBHE 5 18hIDO-
CTATHYCCKOIO  BIANMO ICIR TR {TPABIL QWIICILEEIE  CHLILL  HPHEIHIU-
TeabHo B 10T pas menniue), 1, 1dnin ofp 4o, ee MOKIO BRIPA3HIb Kak

Vv —Z (18)

TIe ¢ — 3aps U 31ekTPOH, r — PaAHVe OPOHTEI, 31aK MHHSC NOABAS-
ercd BCTeLTRHE TOLO, 416G 3APHA OJHON U3 yacTWll uonoxuteten (L),
a apyion orpusatcten {—) IlostoMmy amst aToma Boropoxa qyHkiua
Favuawiona B KIaccuueckoft (T e AOKBANIOBOVENAHHYECKONR) du-
ke pasia
f , et
= —f S — —
H=gme'—— (1.9a)
[lo mpuuuile, Kotopas b Aanbueiien craner AcHof, ypasieune (1.9a)
IPETIOUTHIETLHO 24MHCUTL B BUIE
pt el

H=l_ 2 (1.96)

2m 7

rie HCROALIOBAHO NOHATHEE KOAWUCCTRA NBUMCHEA 3/eKTpoila p=mu,
Teneps a8 nepeyoia OT KIACCHYECKOIO CNECAHKA 5T0I HIH KAKOMH-
qaufo Ipyroff cHC1eMBl K OLACATIHIG €C TPH NOMOILM BOAROBOH MeXaHu-
kH HEOOXOAMMO B3A1b (yHrumio Iamuabioya [ypapuenne (1.90)]
¥ APOH3BeC1H B Hel cilpelenedHiie 3ameitl. Touioe onucaiue 5Tux 3a-
MEH JIOKHO BKJHOYATH MATEMATHYECKHE NPHEMEBI, hOTOPHIE BBIXOAL 3a
PAMKH JaHHOH KIHHIM, HOITOMY 3feChb Oylel AaHo HX yNpPOUEHHOoe H
HAJIOCTPATHRHOE OMHCAHHE,
Ocnoproe mpaBilo 3akTiouaeicss B ToM, uTo B (yuxuun [a-
MHJIBTOHZ KONAYECTBO JBHXKEHHS CNETVET IAMCHHBIb BbIpameHueM
k /9, 8 @
Taxuv offpasom, TaMHILTOHMAH 1AM aloMa BOJGRGIA B €ro KBAWTORO-
MexanHuecko#l dopme F7 caenyer 3anucalbs B BHTE
he fgr @ By e
H=—gmim\ge Tog Ta) 7 (1.11)
*
Ecap tenepb 310 BLIpaXKeHKe raMHIBTOHHAHA NOACTABHTE B 0bllee BOJ-
nogoe ypagneune [vpasuenne (1.5)], 7o moayunm

T = [~ o (5 v 35 s )| w=Bv  (112)

o e g e

f=Y

e
i
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2Tu Hecib BO,LHOBOE VPABHEHNE A% aToMa BONOPORA. Takum oOpaso,
10 HeKoropod cTerefi GEI0 TOKA3AN0O, KAK OHO HOTYHAETCH, H OCTA-
JOCh CHA3&1b O T0M, 4I0 OHO 03HAYAeT H KakK eru pelath.

Cmuicn BosinoBOTO ypasneHus. M3 ypasrenns (1 12) caenyer, wio
HYIRIO BTIOPHIE NPORIBOAHBIE QyHKLMA | CIOMATL B YMBOXETL H2
—h%8rém, zarem K 3ToMy A00aBHTL (~—ei/r)}, 10T]A NOJYUAM BEJIHUR~
ny, Toxjecreenuyio B, Eeaw naiiena dgynxuuwa §, To roBopsart, ute
ola ABAAETCA PeleHucy BOJTHOBOIC Y PABHEHIA, H ee HasbiBawT 60.-
Ho6U ghyrruuet. Boofue momkel GBITL HOCRO TLKO DaUHHEX dyliKumi
Ve, Ty ooy Yn, KOl0pBle #BIKIOTCA penleHnsmH ypasmenus (1.12),
IIPHYCM Ka#JIOH COOIBEICTBYET CBOC 3HJYeHue speprud E, E,,
- T

ORH4aKO Bee 7@, Y1006l 3181k, 4I0 03HAUAL]» BOJHOBOE Y]PABHEHHE,
NeoBX0oNUMO YCTAHOBHTH, YTu «03Haxaet» P M3 Toio, 4To B3ATH BTO-
|sbi¢ NPOH2BOKHBIE 1 OTHOCHTEALHO ROOPAHHAL BJEKIPOIA X, 4 U Z, Cle-
(yeT, 4TO | JOMKHA ObTb (yHKLEHCH rpex KoopauHat, Pyuiknus
(¥, ¢, 2) MMeeT oNpele/eHiioe 3HAUeHHE ANA HeKOTOPOH JAHHOH KOM-
OMHAUHH 3NAYCHHM A, ¢ M Z, HIY, APYIHMH CROBAMH, B XaKoW-nHuodo
TOYKE [IPOCIPANCIBA (8L TH NOJGKCITHEe APOIOHA IPHHEATO 33 HAYAI0
(NCTEMBL KODPAREAT), UNPELEIAEMON hUOPRHATAML X, ¥ B Z, | KNeeT
onpefieneliioe 3HIUeHHE

@usyueckyil CuBICH 2108 BeIHUMHLL 3AKIICUERTCH B TOM, UTO OHE
CBY3ANA € BEPOAMHOCIBIO HAXONCOCHUS IARMPONT 8 OQnHOti mouke.
Tounan dopma 9toll cBA3W OYeHB Rpocta. BeporuocTh P HAX0XKJe-
1M snexTpoda B touxe (v, y, 2} papHa

N P:"‘p("'! Y, 2)1]3*(x, Y Z) (l 13}

rie )¥ apeacrapager COGOH KOMMIEKCHOCOMPAMEHRYIO (yIKUHIO 1,
JOCKOTHKY b MOXKeT KMEeTh If MEMMbIE 3HAYelHs1, vo, u1o0pt P 6174 Aeilt-
L 1BHIEABHON BeMNYHKOH, BYHKUHIC ) (TeLYCT YMHOXHTD Ha €& KOMIIEK-
CHOCONPSKENHY0 (PyHKUHIO BepoATHOCTe HAXOMICHHA 3EKTPOHA B
LakoB-THb0 Touke MOKeT OblTh OoJbol HAM Majdoi BeNHUHHOH WU
ldAHe PABHON DYJO, HO, OUEBHIAHO, He Moxer Obitk MaaMOR. KoHeuHo,
CCITH 4 feficTBHIeNbHas ReuyMHa, 10 »* =1 ¥ ypasuenue (1.13) npocro
CBHISTENLCTBYE] O TOM, Y10 BePOAaTHOCTL paBHa W

W3 sToro onpenenenny H3NIECROTO 3HAYCHUA P CACAVET, 9TO M0-
Gas Takas (yiKuUHS JNOJKRA VEOBJASTBODATH IlePEUHCACHHBIM HHIKE
1peBoBaREsM

1 Oua MomMHA UMETh TOAbKO OJHO 3HAUEHHE B KayUoH TOuKe,
TdK Kak, KaxHe Obl HH GbWH 3HAYEHUA X, y H 2, AOJHeH Obith JHIIL
t,|Hi onpeleesHBIE OTBeT HA Bonpoc: «KakoBa BepOSITHOCTL TOFQ, UTO
2 ICKTPOR HAXOAWTCA B TOUKe (X, ¥, 2)™»

2. Ona He JONMKHE UMETh SHAYEHNHE co HAM B ORHOH N8 TOMEK.
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3. Ee abcosmorhple 311a4CHHS BO BeeX TOUKAX JOMKULI GhITh TAKHMA,
UTOOBI
@+ +or
§ 3 D utn g vt pondedgdz= Y prar=1 (114

- mim — o
Jleroe Buipaxmenne ypasuenus (1.14) maer cymmy pepoaTnocred
HAXOMIEHNS] 3IJIEKTPCHZ B KaXKIOH TOUKE (10 BCeMY HPOCTPAICTBY.
Tar Kax HMEeTCH OJHH 3JEKTPOH U On JOJIKEH rje-To HAXOUUTLCH, of-
Haa BepoATHOCTh NOITOMY JNOTAKIIA ObITh PaBHa EHHHNHE, Cpe,-‘mﬂuoe

— ¥

- ft'Q

W,

Puc, 1.2. [TlpescraBiesne
ROJHORON ()YHKUMH OCEOBHOTO
COCTOAHAS ATOMA BOACPOAA.

Pwe 1.1, Tpafnxn BoJROBLIX
[ R
QynsuE Py B WS oonopsioro ©o-
CTOAMMA aToMd BONOPOSZ.

poipazkenne ypaeseilnst (1.14) mpegcrabisier coofl NpocTo KpaTKylo
GOpMY 3amMCH JeBOH uacTH, B Koropoft dT 03pauaeT 3ieMeHTapHBbIl
ofbes; HHTEIPUPOBAHNHE, NOHATHO, BEIETCH 110 BCEM KOOPJAHHATAM.
Korjga ponHosas hyRENHA YAOBJETERODHET STOMY VCIOBHIO, OHA, KaK
TOBOPAT, HUPMUPOBAHA.

Ecau ypaswenue (1.12) nepenmcars 8 cepHyeCKHX NOJAPHBIX KO-
opAMHATAX (CM. CTp. 24}, ero MOXKHO PENIATEL H 10Jyu4aTs Habop BonHO-
BbIX (PYHKUHH. UToGH NOHATL GU3HyecKHi CMblCa , HCCIeAYEM Teneph
oY Wa Hux Gosee feranbno. JLnA 3Toro Bocnoskayemcs TOH M3 HHX,
KOTOPAs COOTBETCTRYET HaufoJee HU3KON HEPTHH ') H HMEET CIeAyio-
UKl ROBOJABHO NPOCTOH BRHA:

exp (- r/a)
Py =y

T 2o

Bnech @, cHoBa o03navaeT GOPOBCKWA DPAAMyC, & ¥ — PAcCTOANHE [0
aApa. Ha puc. 1.1 npusefeu rpa®uK, COOTBETCTBYIOMHN hYHKUHH Py,
a Taoxe Pp;. CAeiyeT OTMETHTDL, YTo 5TH DYHKIHH ABJISIOTCA cepi-
YeCKH CHMMETPHUHBIMH, TAK KAK HX 3HAYElHA He 34BHCAT OF yraocs O I
. Momno y0eanTsea B TOM, YT0 '}, YADBACTBOPAET patee ynOMANYThM
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TpeGOBAHUAM K €€ MOXKHO CUHTATL BONHOBOH (DyHKIMEH B TOM CMbICe,
uTo OHA: 4} oAno3HauHa, O) HUKOrA He sBJAfeTcA OeCKOHEdHOH H
B) HOpPMHpOBaNa.

Hpyrofi cnoced npeacrasienns dyHKIHN 1), mokasad Ha pHe. 1.2,
ITOT PHCYHOK MOXKHO HHTEDIPETUROBATb HECKOABKHMH chocobamu:

1. [Tpexje Bcero lpeAcraBuM cefe, U9T0 HMEEM OUeHL GOJLIIOE
UACAO ATOMOB BoAopoja. B HexoTOpbI MOMEHT BpeMeHH 5.JeKTpPOHbL B
KaxjioM aroMe B oblieM OyIyT DAaXOAWTLCR HA PA3loM PACCTOSHUH OT
snpa. Ecan uzobpaxefius BeeX 3THX aTOMOB HafoXHTh ApYT HA Apyra,
TO MOAYYMM KapTaHy, [PefcTagheHnylo Ha puc. 1.2,

2. MOXHO B3ATb TONBKO OQHMH aTOM W HabM0JaTs €r0 MHOFO pas,
o MEpe TOro Kak 3JegTpon ByAeT MeHsITh CBOE NONOKEHHe OTHOCHTe b
io fipa. Ecan 3aTeHATb KaXKAYI0 MaJeHbKylo 06JacTbh MpoCTpancIBa
NpONOPUHONATLHO TOMY, KaK YacTo HAXOIHTCS B HEM 3/1eKTPOH, TO
noJVURTCH KapTHHA, NOKasaunas Ha pHe. 1.2.

3. Moxno BooOme 0TKa3aThCs OT W300PAREHMN INEKTPORA KaK
KpOLIeYHOTO TBEPAOTO Tesia, ABHKYINErocs! BOKPYr NMPOTOHA, d BMECTO
3TOr0 PACCMATPHBATH M0 KaK TeKOTOPOe KOMHUECTBO OTPHHATEAhHOro
napsaja ¥ M4CChl, KOTOpas pacnpeje’eHa WIM pa3MA3aHa BOKPYL siapa
B CODTRETCTBEM ¢ ypasuennem {1.13). B stom cryuae puc. 1.2 npen-
crapiser coloit, rpyGo ropopsi, TO, UTO MOKNO GulI0 Bbl «YBUAETbY,
ecsd Oni MOMHO OBETO MOCMOTPETE Ha aTou. [locaenuas wnreprperanns
MOXKET ApeACTaBIATh HEKOTODLIe TPYAHOCTH IPH [IOJIB30BAHNYA €10, HO,
NecOMUSHIIo, ola nanloree noALHA.

[
28, 3,

- ). WP

[~

r

Puc. 1.3, GyHKHES IOTHOCTH BeposTHOUTH 4707M} OpGHTAML OCHORHOTO COCTONHHA
. 4ToMa BOJOpoja.

TMocMoTpuM Teneps, KAK MOXKHO KBAHTOBOMEXAHMYECKYIO KADTAHY
OCHOBHOT'O COCTOSIHUSE ¢ PA3MA3AMILIM 31eKTPOHOM COTOCTABHTE ¢ Kap-
ThHOH, npexaokennoli Bopowm. [lpexnosomun, yro paccmatphBaemoe
NPOCTPAHCTBC BOKPYT sipa pasfeacno na Oeckoneuroe upeno Gecko-
MEYHO MalbIX TOHKHX KOHHeHTDHUeCcKHX cdepHyeckux obojgouex, M
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3aAalHM BOIPOC, KAKGBa BEPOATHOCTL TOFD, YTO 3JIeKTPOH HYAET HaxXo-
AUTbCA B KamAacH ua HoX. OOmui obbes Takol 060NOUEH TOMMEUHOH
Ar pasen 4str®Ar, W 00Was BCPOATHOCT HAXOMJIEHHA SMIEKTPOHA B
3TOM 0bBeme cociapasier (dar*Ar) i Ha puc. 1.3 uoctpoen rpadmuk
32BHCEMOCTH Beamuuubel 47r%)} oTHOCHTETBNO 7. MakcHMYM KDPHBOI
JNERAT HPK 3HAUCHHH 7, PABHOM @y, BelHuMHa a,, KaK yiKe OHLIO CKa3a-
HO, HA3RIBAETCA Pajxvycom Bopa, TAK Kak 37c ecth pajguyc opouTH Oo0-
POBCKOTO ATOMA BOJOPOAA, KOTOPOil COGTBETCTBYET HARMEHbiLCe KOJTH-
UECTBO SHEprud snektpoHa. Takum oOpasoM, echn molens Bopa aas
aToMa BOIOPOJA MO3BOMSIET BAKAIOUHTH, YTO B OCHOBHOM COCTOSHHH
SJEKTPOH 6ce20a JONMKEH BPAILAThCs BOKPYEP NPOTOHA N0 KPYroBomy
IYTH C DATTHYCOM, TOYHG PABHBIM @, TO BOJHOBAS MEXAIIKA CBHICTONb-
CTBYET TONBKO O TOM, WTC 3T0 Hauboaee gepoammoill Pajiayc.

1.3. Arom Bonopega
Bee metoihl paccMOTpeHHA 3JEKTPOHHBIX CTPYKTYP ATOMOB HAYM-

Hal1cs ¢ pelleHun BGAIOBOTO YpaBHEHHA Has iI{)OCTeI:llUQI'O H3 Beex
410MOB — aTOMa BOAGPOAA, CRHAKO HA ROCAEAVIOIENX CTARHAX OHH

pi2,5.4)

X

Puc. 1.4, CocTeMa IOMPHLIR KUOPAKNAT,

MOFYT ycnoxHHThCA. KOrla BonHOBOE ypasHenye s aToMa BoIopoAa
(1.12) suipaxeno B cdepiyecKHX MOJNADHLIX KoopiuHatax r, 0 u ¢,
KOTOpHIE SIBNAIOTCS KOODAHHATAMH, CBA3ZHHBIMH C XEKapPTOBLIMH KO-
OPAMIIATAMH X, & H 2 TAK, KAK NoKasako Ha puc. 1.4, ono npuodperaer
BHJ

1 d ¢ 00y 1 a . b
i '\; ch)_’_r3 smﬂaj(:’m HW]JF

1 'y, 8mim

2
+rsime g T (E+S)9=0  (L15)

—
ey
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)

Peuieriue 8oaH08020 ypasHenus 6aa amoma 60dopoda. 1ToGH peinnTs
yvpaerenue (1.15), MOMHO ncKkaTh peuleHue obiere BHIA

P =R(rO(0)D(g)

B KOTOPOM ¥, fBAsouMlaics (yHKnueH Beex TpeX KoopiuHar: r, B H
@, WPEICTaBJeHa Kak npoHsBeldeHHe R (r) — QyHKUKH TOALKO OT f;
& (0) — yHKUEK ToABKO T B u @ {¢) — by HKIHK TOABKO OT . Ecin
MOACTABATE 370 BLIPMKEKHe B ypaBuenue (1.15) 1t N0-1pyroMy 3anucaTh
ero, TO NOJAyUnM *

U d [ o dRY , 8 [ | e2)
- A P 2
R dr I\." dr) B I L l\f: r;lr
I d (. . do 1 &
= lellbdﬂ(bmed()) Funngr (118

Tenepn nesan nojosuHa ypaBaeHrs (1.16) 34BUCHT TOALKO OT £, B TO
BpeMs Kak 1paBas HOBOBAHA 3aBHCHT ToALKO oT 0 1 . CielopaTtenbto,
utober ypasHenxe (1.16) Griio cnpaBetinBo A9 Beex anauenudt r, O u
@, NEBas ¥ NPARAS Y3CTH eF0 TIOPO3HB A0MKHbI GHITI DABHL HEKGTOPOI
noctosuioil . Taxkum obpasoM, ¢Aslap Hefoanwmuc 11peofpasosadis,
sanKueM

sinQ d . 40 L 1 d*D
8 %( lne-&ﬁ)—i-ksmzom-—-w—m (117}
H
1 d dR 8ain e2y A _
L2 (,-2 E;_>+[ ] (E‘*’Tj"'"r?’] R=0 (1.18)

Paccmorpetne ypasnenus (1.17) nokaswisaeT, uTO 110 TeéM Xe coob-
paMeHnaM, No KOTOpPEM ypabHerue {l.16) Obic pasjiehedo Ha ypaBs-
genns (1.17} 1 (1.18), ypasrenune (1.17} MOXHO Pacy/EHATL HA YDPaB-
dHenns (1.19) u (1.20):

10
d

sind 4,

G H(si119%)+k sin% = m3 (1.19)
%=—m2tb (1.20)

Tile M — HCeKROTOpas MocroArHan. HMrak, mieem TpH DasHBIX ypaBHeHHA
[{1.18), (1.19) » (1.20)], pewreHve KOTOpRIX NOKaXKeT (OPMY 32BHCH-
MOCTH BOJHOBHIX (yHKUHA aToMa BOJOpofa OT KOOpAHHAT r, O M ¢
CCOTBETCTBEHHO.

Moxuo pauats ¢ pemeins ypaesdensua (1.20). Jlerko yGetnThes,
YTO EMHCTBeHHBIMH DEUIEHHAMH, KOTOphle YACBJETBODSIOT TpeGoBa-

* B ypasuedwn (1.16) macca 37aeKTpOEA off0ZEaveHa KaK IDHPEISHEAR Maccd
yepes |1, B To BpeMA KaK pakee B ypasuednd (1.15) ona 6mna ofoanauens vepes m.—
Hpua. ped.
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HHEAM, IPEARABAACMBIM K BO.IHOBBIM (‘})}'IIKlLHH,\l, ARMAIOICH

@ _ (22)- vz exp (1me) (121)

rAe M 00 OLITH NOJOMKHIEILHBIM HAK OTPHUATEAbHRIM HeTHIM UHC-
JOM, CIeR0BaTenLHO, /1 ABJISETCH KBAHIOBLIM uHCTOM. Pernenpe ypas-
HeHHg (1.19) JoBOABHO CHNOMHO, eCJIH €ro JanucdTL B ofileM BHIe,
ONHAKO 3jiech oHO He Oyaer ipuBeieno [lauGomee BaHbii MOMEHT
3aKNiCYaeICs B TOM, YTO STO PEIUSHHE, T. € pa3jingHple sHadeHus ©,
ABNAIOTCA (PYHKUMAMA KBAHIoBwIX upces [ 0 m. | MOMEr npyHHM4TL
TOJBKO TIOJOMKHTENBILIE HeTOoYHCICHIIBe 3HAYEHH, 4 #L MOMKET TPH-

IIMMaTL Jobsle LeToYHCHennble SHAUEHNA, OT — { Jo + {, 418 KaKoro-
Jub0 JadHHorc anadesus f

i=0,1 23 ..

m=0{{=1, (—=2),...,0,—1,...,—1

Haxoueu, ecin pewwib ypaenenks (1 18), nvea B BUAY KBAHTOBOE
uucnio I, KOTOPOE CBA3EHO ¢ A Bhpamenumem A= I([{4-1), 10 voxkHO
104y YHTh Habop paluajibHEX BOJMHOBBIX dynkunil |1pH 5ToM MOXKHO
HAATH CISAYIOUIEE BHIpaMKeliHe 1A SHEPTHHE CHCTEMEI:

1 2m3pet
E:x='_;_h2 (122)
PAE o — CHIg OANO KBAWTOROR YHCAO, KOTOPROR MOXer NPHNEMATL moluie
NOJ/ICKUTENbHbIE Le/kie 3HdueHusa oT | A0 00, K})OME 1010, JHAUeHds,

KOTGPEIC MOMET NPHHAMATD f, CBAJAHE CO SHAYCHHEM 11 TdKHM 06[3330.\1,
qTo

¥
l={n—1), (n—24...,0
CrHeflyeT OTMETHTB, UTO 3HENTHS ATCMA BOJOPO1A, Kak Oulio HAHJEHO,
3ABHCHT TCJABKG OT hBANTOBOTO YHCIA 7, KOTOPOE IA3LIBAETCH 2406GHHIM
KBQHITO8bIM ULLCAOM.,

Opfutann aroma sopopopa. Tenepb pPacCMOTPHM HEKOTOPLIE BOI-
HOBble (PYHKLIMH, ABJASAIOIECCH pelenusing ypasHenua {1 15), B wacr-
HOCTH TIEPBBIE YETLIPHAILATE K3 IIMX, B [LOpPs1Ke BO3PACTAHHA IHEpPrui.
3TH GYUKLUHH, KOropele OOBLIUHG HA3LIBAIOT 0pOuMAAAsML, ONHCHIBAIOT
NPOCTPAHCIBEHHGE pacnpeleJente 3JeKTPOHNHON MWJIOTHOCTH BOKPYT
aapa. Kaxlas U3 fiux OfHOZHAUHO ONPEJAEJAeTcs CBONMH KBaHTOBRIM
yucttavu n, {nm B rada 1.1 npuseaeis 3TH opSutanu gna sodopodoe
nodobroeo amoma, T €. 1AM OMHOIEKTPOUNOTO &TOMA C 3apsA0N A1pa £
2]16KIPOHHLIX edunni Cau arov BOAOPOAA NpPeILTABJAAET coOOH vacr-
Hblfl c1yuafl, korga Z=1, ApyruvH BOACDOACOOAOGHEIMH aT0MaMH $1B-
astorest Li#*t C3 F8* y 1. n B Ta6i. 1.1 npusenenn Takke obiie
obo3Hauenua 3THX opbutaiell, KamlIoe H3 KOTOPLIX COCTOMI H3 HlC.1d

Tadwyga 1

OponTain ROJCPOAGUONOGHOLL ATOMd

-
2 v [N
g T 2= T T O VO S B
S &Y w  ow e Y B A~ A B
SEEE 258 58585882 RE I
- o
£ Ta
& 95
S
[
3@
z T T g
E AL
£ o & == 8 © g E
B B = m=|cCD..J“°
= wo= S m Eom o= D
B o Qmauca
= 2. = T . @ = o
é « =& = @55853.:160:
= = Rt B L
3 g g O - R
& [ -
L I B a2oor TR |
% >0 “lflg_’l‘l‘?—‘“ﬁﬁ
= [ =T -1 ) 3] = o
2,. - E oM o™ | =B P—f%o’a“_‘?:.
~ ||;:':'1,__‘°""'"5,‘,c| = o
S — e T Tm = e 22 =~
e e e %X - =T L
N e O S I I
Tr,l'\:m Tomoo T R e
palilalss
gl
e
B
i
Y
o, -
= e'Q_'m
z L
-1
z Tle
e & = i
. N ._.-G.,__.‘\.__\?-,_..:-_,,,_..r“
| K L g
2 . = D E a a = a o~ m oA
=1 [ —_— o
e wo P ) T
@ - e P —
= - o 5
= &l = =
= : g 3 S
2 DL o= P -
= = . =3 — &
; I::'.\-?*AGIEI =
< o e 2 = |
= & T
s T3 b b S
'—53? - =
R
Sa o T 7L L
E‘r‘l‘ % W o0
Sy 2 [ I -
3 = =3
]
2 w N Lt
gegz | & & & @ *
o=
- N ,_.xﬁ___/\__a\
gma e == = = T B B = B
Be |
EE_-_H T e T o B
N
= o oMW
s T IR T T A~ B

Zrid,, £—3apsas Hapa

p=

a




o3 THABA 1

H OykBbl. Yreao npeacrapaser cofofi ragHoe KBaHTOBOE YHC0., Dyk-
Bbl COOTBETCTBYIOT 3xadenuny [ cfegytouluM ofpasoMm:

i=0 1 2 3 4 5
s p d [ g &

[Nepeble deTeipe GYKBbI BBIOpALL HPOHIBOABHO [C HCTOPHYGCKHM HPH-
YHIaM, 2 CAeRYIoHle 32 [ HAYT B addaBuTion Dopsiake. OTMeIny, uto
ofitliee ofo3Hauente He PasiudaeT OPGHTANH C ONHHAKGBRIMK £ 1T {, HO
oranuaoiunacs . Ofcyinm Teneph o003naMeNHs ANg  BbISCHEHHH
Pa3JAHUMA MeXTY KadToH u3 1pex p- WIH UA1bIo d-opduiaasmu.

7 {FA4B1L00 KRIHTORNE YHCAC)

'1 |
44~ Ilba(mﬂ}a
T
;o '[[ |
10 I" \
nul \
ol |

P uc. 1.5, ¥npoweHHas JuarpaMya sHepreTsyeckux yposiell atova BoJopona
HPEICTABAAN{AA HEKOTOPEIE CHEKTPAILILIE CEPHH.

Kasgoe U3 TpeX KBAHTOBBIX MuceN 7, [ 1 /77, KOTOpPHIE HOSBHJIHCH
NpK pelleHHE BOJHOBOIO YpaBHEHHSA, UMeeT CBOH cOGCTBEHHBIR dmnau-
yeckufl cMuica.

Kax &pic nokasano B ypapuenus (1.22), kBanToBOe HHCJAO 7 Haer
MEPY INEPTRE 3MEKTPORa Ha Kaxobi-nubo optutamn. Hecxoawxo ne-
YEeTKO, HO JAOBOILHC OOBIYHO roBOpAT o6 aneprun opburaan. Opdutans
C CAMBIM MalbiM 3HayenneM n {(n=1) umeeT caMylo AU3KYO, T. €, HaH-
fionee OTPHLATENLEYIO 21lepruio. [1o Mepe TOro Kak BO3PACTAET /i, PACTYT
W sHeprid opfHratel, NpHUEM OiH CTAHOBATCH MeHee OTPHUATeNLHE-
M. B npejiefbHOM ciydae, HpH A==00, SHEPrusl CTanoBATCH PABHO

BNEXTPOHHOE CTPOLHHUE ATOMODR %

HYJHO, H, COBATENbHO, 3JEKTPOH He CBA3aH Oonee ¢ AApoM. Beine
cyliecTBYeT O0JACTh HENDEPHBHLIX 3HAUCHHH SHEPPHH, HasbiBaeMad
KOMMMUHYYMOM, B KOTODOil BAEKTPOH MMEET NYJEeBY!D JHEPTHIO CBA3H H
HEXOTOPYIO TIPOUIROILHYIO BEIHUHHY KWHETRIECKOH sHeprun. PasHocTe
B SHEPTHAX MEMAY COCTOSHHAMH ¢ =1 H f1==c0 npeicTaBiser coboil
SHEPTHIO MOHW3AMKK aToma, [lepexof atoMa U3 CepHU BOIGYIKNCHHMWX
COCTOsIHHIL B 0fHO, 06huND ¢ Bojee HU3KOH 3Hepruen, oOycaO0BAHBAET
pasinuiihie CePHE CHCKTPAJILILIX JHHMR neayekanns. Pac. 1.5 coor-
BETCTBYET 9THM COOTHOMICHHAM MEMLY IHEPIHAMA.

-
4

ds

a )

Puc 1.0, ¢ — rPajik 3drHCHMOCTH Patuansaoil soanonol dymamn R o1 rfag,
f — rpadHK 3anNCHMOCTH (OVHLLHE DACTPGIENIEHNS BePOSITHOCTH 40 OT rfay.

OpARAATH TPHBOAGHN JHLL B OTHOCHTEIRHIL BETHMNRAY, CACAYCI vOPaTalh BEWYBWRT 68
PAHEHBE INKaNs afCiice.

KnanTopoe uHeq0 7L SBIACTCS TAKIKE MEpoil CpeiHero painalbrOro
PACCTOAHUN 3/JEKTPOHHON ILIOTHOCTH OF ALpa, Kax 370 NOKasarO Ha
puc. 1.6,

Kpanrtosoe uteIo | MOMKHO DACCMATPHBATE KaK MEPY KAQCCUHECKO20
fADBOZO MOMEMMIE SASKTPORZ, XOTS B BONHOBOR MEXAHUKE ITA (OUSTHE
(GHAWYECKH HE OIIPCILNEHO, TaK KAK 3TeKIPOH HE paccMaTpHBaeTCs Kak
JUCKPeTHAS YACTAL@ C ONPEAENEHARM NOJIOKERHEM B NPOCTPARCTBE
M cKopocTblo. JleficTBuTesibHas BejJHunMlNa OPGHTANBHOIO YIVIOBOTO

MOMEHTA papHa E/J(I—i—l)h/:Zn, rne I — moctoannas Ilsaixa. s
vioGerea hf2nm yacte NPUIAMAOT 338 EIHMHHILY YIVICBOrO MOMEHTA.
TakuM 00pa3omM, MOXHO €KA3aTh, YTO AAA S 3JEKTPOHOB YIVIOBOH

NOMERT PaBeH HYJO, A7 p 3MEXTDPOHOB (i=1) pasen Vig+h=
=12 eannun, aas 4 snextponoB (/=2) papex } 6 exmnuy H T, A.




40 TJIABA 1

KBaHTOBOE UYHCJAO M YKA3bIBAET HA TO, KakK oPOHTAILIH  vr-
JOBOH MOMCH1 OPUCHTHPYEICH OTHOCHTEABHO HEKOTOPOTO (PHKCHPOBAH-
HOTO 11aITpaBneHus. [To (:ooﬁpa}xemmn, KOLOPBIC CTaly I HOBH'IHBIMIL
13 pagabHefiero, BApElk OyIeM MONB30BAlbLCH  0803lIAYeHHEM my.
[ 1panidio, No KOTOPOMY /12, MOKET ITPUHHMATD TOABKO 3HaYcHus {, {—1,
v 0, o, —{1—1), — I, raacur, uro BeKTGD, NpedcTaBIfMNT codoll
OPOHIaNbHERA YIICBOI MOMeHT, MOMeT OITL HamnpasJeln TOIbKO TaK,
uTo0b! CI'0 KOMIIOHCHTA B0 JAHHOTO HAIPABIEIHT HMETA BEJTHYHAHY,
ORpEICHACUYIO uicaon #1,. M meheTBHTCJABHO, MOKIO CUMTATH, UTO BeK-
10p YIJOBOFO MOMEHTA HPENSCCHPYET BOKPYI' HCXOJUOTC Manpap/jJeHiEs
W OMMCBIBAET KONYC ¢ BBICOTON /M, KAaK 310 NOKa3ano Ha pue. 1.7 pis
p-upluTany.

=i

W=

Pie. 17, 1ps NpoeKIAE BEKIOPA 3 1108010 MRMCH 1A JAHHOH Vf(f—i-l):]/-l(l—i—l)z
= ¥ 7 zan popOutadel, xoTopuie ja0) 3Hadenus my, pabuse 1, 0,—1.

Tenepsr paccMoLpMy LI€TATLHO TPOCTRaHCIBEREYI0 QopMy S§-, p- B
d-opbutaneii. Popma KaXaoll OpOHTANM ONpeleIdercd KaKk pajnaib-
HOlf, TaK 4 YIVIOBOH 4aC1bio BUAHOBOH Gyuxumu. Pue. 1.6, @ noxasm-
BACT pafMafibHbie YACTH NEpPBbIX TpeX s-opbutactei. Ormerum, uro | s-
QVHKINA HHKOIFA e MepeCceKacT HYJCBYH .JHHHIO, B TO BPEMA KaK
9 s-thy HIKUAS MEPCCEKAeT ee OUUH Pas, a 3s-DYHKUHA NePecCKac! ABaLL.

Hasn p- v d-opluradeft KapTHHBEI NOX0XKH: NepBas Tagas opOMTaNE
(2p-, 3d-) WmMeeT paaManLuyl (yHKUWIO, KOTOpas HHKOrAZ He nepe-
ceKkaeT HYJEBYIO JIHHIO, BTOpas opliTalb Kaiaoro Thna (3p-, 4d-}
HneetT palHalbHYIO (byHKllHlO, KOFrOpan nepecexkaeT HYJMCBVIO JHINNO
olun pas, u T. 1. Ha puc. 1.6, 6 B0, KaK U3MENsIeTCs 3ACKTPOHIIAA
00T ¢ PAcCTOsiHHen oT sijpa. HMzolpaskennuie QyHKIHH 1PO-
noplnonansisl rpe, Quesnado, sCAKHA pa3, KOTAZ CaMH  BOJHOBbIE
dVHKEAM TEPCCCKAIOT NYACBYIO JHHKHI, PaidalbHash QyHKUMA JCKT-
POHKOW IVIOTHOCTH JIOJKNA AOCTHraTh Hyis. ONHaKo YIJ0Bue HACTH
BOJHOBLIX QyHKUHH GOJiee Baj<HBl H UHTEPeCHb!, H OHK OYIYT paccuor-
pensl A KaKZOro W3 TPeX THIOB opbutadeil. )

s-OpSurann. PaccuorpuM cravata s-opéutanu. CleayeT OTMETHTD,
yT0 JHILUE Oiid s-opéu'ranb CHIHECTRYET B KaxJA0M QACKIMPOHHOM CA08,
1. €. B KAXJIOH Tpynne opduranell ¢ OTHHAKOBLIM IVIABHBIM KBAHTODBIM
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upcnoM. M3 ragn. 1.1 momuo ciejartl BHMBOA, UTo BCe S-0pOuTanu cde-
PHYECKH CHMMETpHUIBI, TAK K&K BCe OHH KMEIOT BOJICRYIO (GYHKIHIO,
KOTOpas e 3aBucHT oF Yraok ( u ¢, PagnanbHas 3aBHCHMOCTL MEPBHIX
Tpex s-opOHTaneil nokasana Ha puc. 1.6.

HawuGonee paxHble CBONCTBA THX rpadMKoB CAeiyIOLIME:

. Hucao yaaoe. YanosbiMu 0opepXHOCTAME ABAAIOTCSA NOBEPXHOCTH,
Ha KOFOPBIX i u, cJacfoBarenbHo, ¥* crTaHoBSTeS paBeeivk 0. Had
s-opbuTaneil GMCIO STUX paduaisHers y3i08sx [106epXHOCMel BCeTRa
paBHo {(n—I1} u OBU cihepHUECKHE,

2. DaenTponnasn NJOTHOCTL KOHUCHTPUPYEICH Ha BCe OoMblem
paccTOSHUH NO Mepe TOTo, Kax 3HaueHHe A pacTerT,  06bIMHO palHatb-
nmag OYHKLUHA NJOTHOCTH MMeel camoe DOMBINOE 3HAUCHHE 32 NOCIL)-
Hell yaaoBo#l HoBeDXHOCIBIO.

Hpyroe sipocioe n o6bIHO HCHONB3VEMOE 1 PENCTABAEHHE NIPOCTPAH-
CTRENHLIX CROficTs opOurateli nokasauo ua puc. 1.8. Ity npocrpaner-
BEHHBIE H300PAKeHHS IOCTPOSHEl TAK, YTO BHYTPK CEpb! CKOHLEHTPH-
poBana Goxbluan yacts {~90%)snektponnoit noTHoCTH. ¥ KaskipaeTcs
PAKKEe 3HAK soanopol gynwidu. Faobpamxeniie s-opburanefi B 1ei-
CTBUTEABHOCTH BEPIO 110 3HAKY [OJIBKO 74 ] s-0pOHTAIH, TaK Kak A4
BCCX APYTHX s-0pOHTa el CyHIECTBVIOT KOHUEHTpUUeCKHe CepHYecKhe
NOBEPXHOCTH, Ha KOTOPLIX 3HAK MEHASTCHA, MplueM OH BCETAa NOJACHKH-
Teslell B cavoi BHyTpeHHCH obaacru. Onsako TVaBHasg Uedl, yKa3aHHsa
311AKOB i1 TAKMX JHArPAMMAX — ([0KA3aTh, KAK MEHHCICH 3HAK B 3a-
BHCHMOCTH OT yrag, 4 Afifl BCeX s-0pOuTajied 3HAK Heé 3aBHCAT OT yIia.

X

P i c. 1.8. Cxevbl NPOCTPAICTECHHOTO PACTIONOMKEHHS 5+, P- M d-BTOMHBLX

opGHTanei,

p-Opburann. Hayunas ¢ n=2, kaxiaplii JEKTPOHHBI CJI0H BvieeT
1pn p-opoutagn. Mz rada. 1.1 Buguo, uto oHM 3aBucaT or yrios () u
4 d, TAKHM 05pa3oM, He ABIAOTCH cepHuecKd CHMMeTpHunuiMg, TpH
P-OPOHTAIIA B Ka[oH CHCTeVE NOAPa3Iedsiotes 1ia py, p, ¥ p,. Pac-
CMOTPHM  CHagana 2p.-opburajs,. OHa DOJHOCTBIO CHMMETPUUHA
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OTHOCHTEALHO OCH 2, HE HMEET PajHANLHBIX V3I0BBIX AoBCPXHOCTeH H
BHUMIAIAT #puOIMAKIENLIO 14K, Kak 1loKasaso Ha pHe. 1.8, Cneayer
OTMETHTh, UTC 2HAKI IBYX A€RECMIAOS DA3MHUHLL. Pe- U p,-OpGuranu
HMEIOT 1aKHe e pajnancdible QyHKIHY, KAK U p,-opOulafib. Kak Jrerko
MOMKHO 110Ka3aTh, HCCJARAYA YILIOBHE BoJiHoBbie ¢yHkuny taGn. 1.1,
OHH BMer qopMy, TpHBeZenuvio Ha puc, 1.8, Hasnauenue ckoBOK B
TabJaHLe — [0KA3dTh, YTO P\ M Py-OpOUTANN He HAENTHUHBL Py 4 4 H
Wy 1_1 COOIBETCTBEHHO. 3TH ZABe BOJAHOBHE \p-(PYHKUHH ABAAIOTCH HA
CAMOM Jlefle KOMIMIEKCHBIMHA, HO COOrgeTCTBYOIHM 00pasonM HOpAHpo-
BAHHBIE CYMMA H PATHOCHDL ,I[HHJI‘ZL&‘}")[C[BHTPJ]I:HHE (I!}'HKII,HH, HaseIgacMbBIe
Py M py. OTMETHN, UTO 3J1aKH CTPOro N(PABILILHK TOABKO At Zp-op-
GaTa.ne;‘i, JUEA KOLOPLIX HET MHKARHA pPaJHafbHBIX Y3J0BRX NOBCDX-
nocTel ¥ Bech JCICCTGK MMEeT OXMH M 10T e 3nak. [aa moGoit p-op-
GuTanH, 01HAKO, COP2BEliHBO HOMNOKEHHE O TOM, YTO JASl NaHHOI'O
pajuyLa 3HAKH JBYX JIEFIECTKOB IPUTHBONMIOMHLL

d-Opoutand. Haunnaa ¢ n=3, kaxnpifl sjaexiponnnii choi umeer
walop u3 naty d-opburaneh. Bee d-opOuTany AaHHOIO PALA HMEIGT OXM-
HAKOBYIO DRAHANLHYI0 3ARHCHMOCTL M CYHULECTBEHHO PABJHYAIOTCH [0
yriaoBoMy —pacnpefedeuio. [lpocrpancTBesdple H3oOpamedus  Ha
pHc. }.8 noiayueHbl moCTpoGHVEM BOHOBBLIX (pyHKUMA Taba. 1.1. Orme-
THM CABAVIONLAE cBOMCTBA d-opOHTanel:

1. d»-Op6rarans cuMMETPHUHA OTHOCHTEIBHO OCH Z.

2. dyy-, dy- u do,- OpBrraii copepileHHo noAo0HbL, 33 WCKJ0Ye-
HHEM TOTO, HTO OHH JEKAT COOTBETCTBEHHO B MUIOCKOCTAX XYY, ¥z H X2,

3. dy_»-OpOHTaaL coBEpIIEHHC nofodud d ,-opbuTtany, 3a PCKmo-
yeHHEM TOr'O, UTO OHa IIWBEPHYTA HA 45° BOKPYT OCH 2, TAK Y10 €€ Jlenecr-
KH {anpaBieHsl BAOAL OCEH X H 4.

Pye. 1.9, Cema NOAHOTO BHYTELEHH(TO TEPEKPLIBAHEA §- ¥ p-opluTaied.

Temeps, Koraa ofcysden Bech #abop opéuTanedt aToMa BoAopola
JOBOJBHO [ETANBIO PacCMOTPeHbl OpPOMTAAM C© MadbiMH SHAYETHAMMK
rjaBHOID KBAHTOBOTO YHC/A, MOMHG OTMOTHTH OIHO BAMHOE CBOHCTBO
sTHX OpGHTanell, KoTopoe GyZeT HCOABb30BAHO MO3MKe. IT0 €B0IICTBO
Ha3bIBAETCH OPIMO20RAAGHOCLIO. OHO 03HAYART, 4T0 TOAHOE NepeKph-
Bailne MexIy JOLIMH ARYMS OPOHTAIAMH TOYHO PaBHO HYITIO. Jr0
MOMKHO JerKo NORAts, BarIdHye Ha puc. 1.8. Tax, ecau Haueprurh
1s- 1 2p,-opGuTany B ONiON cHcTeme KoopAnnar (puc. 1.9), To CcTader
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ICHO, 4TO 0G/1ACTH ITPOCTPAHCTBA, B KOTOPBIX ABA JIEfIeCTKA pP-OpGHTARH
fIepeKPHIBAOT $-0pOUTaNE, B TOYHOCTH PaBHL, a SHAKd 3TdX ABYyX ne-
PEKPLITHR NPOTHROMOJIONKKE, TaX uTo obilee TEPEKPLIBAHHE PaBHO
Hymo. DTy OPTOrOHaMbHOCTL MOMHO BeIPASHTH MATEMATHHECKR cJe-
Ay omuM o0pasoM:

§ st dv =0 (123) §

1.4. Criun nnexTpona

9“‘1&1{'1‘})01'1 ofnajgaeT COOCTBERHBIM YIACBBIM MOMEHTOM, HASHIBAEMBIM
CIIHTIOM. SKCHGPHMEHT NOKAalLBacT, YyTo BEJAHUHIIA YIIOBOIO MOMEHTA

(raxme B exunnuax h/2m) onpereiserca BuipamenteM ) s( 541}, rae
5~—CNHHOBOE KBAHTOBOE YHCJIO, KOTOpOe HMeer araueHue 1/,, Cunn gom-
sked OpITh HampagjleR TakK, uToOs! JABATH KOMIOOHeHTH! 1/, Ham — L,
llonoGHo my, 34ecs ToXe BBOAAT KBANTOROS UHCHAO fM, U CHHTAIOT, 4TO
€F0 3HAUYEeHsl OrpannufiBaloTCA uucIaMd =%/, [Tostomy, uToSH mosa-
HOCTBIO OfpefeluTh CcoCTOfiNe 5ICKTPOHA B arome, B JONOJHE-
HHe K KBaHTOBBIM uYHCJaM 1, [, m, HeOOXORHMO YKasniBaTh M 3Ha-
ueHHE M.

Cnud 5€KTPOHA, KOTOPHH COOTBETCTBYET K/IACCHUECKOMY IPeACTaB-
JIEHHIO O BPALIEHHA CchepHUECKOI0 3REeKTPOHA BOKPYT 0CH, TIPOXORANE
uepes ero ueHTp, co3faer ero coOcTBeHHBIA MAarHHTHBIA moment. Ha-
npasieHye STOr0 MOMEHTa COBNAjaeT ¢ HanpapjeHHeM BEKTOpa M.
Taxnm 06pasoM, BCAKHH pa3, KOrJa ecTh ABA 3JeKTPOHA ¢ Pa3HbiMH 3HA-
UEHHAMH M1, HX MAarHHTHEIE MOMEHTH! HalpasjeHbl NPOTHBONONOKHO H
B3aNMHO KOMIMEHCHPYIOT Apyr Apyra. Oanaro BCIKHME 3NeKTPOH, KOTO-
PuIfl He MOMET OBITL CONOCTABJEH C APYIHM 3JeKTPOHCM, HMEIOIHM IPO-
THBOIIONIOMHCE 3HAUEHHBE 1, NAeT BXKAZJ B MATHETHBI MOMCHT aToMa
HWJH MOREKYJEHl, B COCTAB KOTOPHIX OH BXOOMT.

Ota TeMa nodme Gymer ofcyiena Golee seranbHo (cm. ra. 25),
HO A0 TeX Mop ACCTATOUHO MPOCTO 3HATH, YTO MATHHTHLIE MOMEHTHl ATO-
MOB H MONeKYJ, UMEIOMHX HecHapeHHLe 3A€RTPORLL, HPONOPUHOHANE-
HBl YHCTY HeCNApeHHBIX 3JIEKTPOHOB.

Ecan opun siekTpon sarumaer p,d uiH Gojee BRICOKYIO OpOHTaNb,
CYMICCTRYET H OPGUTANBHLI M CIMHOBHE VIVIOBHIE MOMERTH! W, COFMac-
HO MpaBHNiaM BOJHOBOH MeXaHHKH, 9TH MOMEHTHl MOTYT CKNANpIBATLCA
IBOSKHM ofpa3cM, naBas o0uiHil YrioBRoil MOMEHT Vj(j-i—l). Kgranto-
BOe YHCIO § MOXeT ObTh pagso JHG0 [--S, aubo [--s, T.e. j oxasbis

BaeTCs paBHBIM [=='/,. DHeprusa aroma pasiMyHA AJS ABYX PasHHX
3HAYEHRH |.

2  CoBpeMeHHER HEODrasm4eCKad Xumusd, €. 1
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1.5. IpnHOIE HeRIOYCHHA

[Mocne TOro Kak paccMOTPelib BCe KBAHTOBLIE Ulcfa, HeOOXONHMbIE
Uil XapaxTEPUCTHKII COCTOSHNS 3JEKTPOHA B aTtoMe Boiopoja, paste-
PEM TETEPDb AIEKTPOIRYIO CTPYKTYPY ATOMOB C ABYNMS HAM Goaee aneKT-
ponaxi. OfHAKO 1PEXKEE BCEIO HYXKHO BDBECTH €Ili¢ OIHO OTpaildieHune B
NCPefeNre 3NEKTPOHOB, HasBAKHOE No HMewH d¢usnxa Bonsgranra
Tayau (KOTOpHI NepBhIM OTKPBLT M CHOPMYAHPOBANT 3TO OIPAHHYEIHE)
HPURLHAROM UCKONeNia WIH 3anpemom [layau. Ero MOKHO U3JNOXKUTD
M0-pA3HOMY, HO AJA HAWKX lLejell nojesHa cjlelyiomas GopMyNHpoB-
Ka: 8 OOHOM amoMe He mo2ym Obimb 3.1eRmpoHsl, uMerouue o0uHakosste
HaOOpbE KEAHMOEHX Hiice.

1.6. IIpupusner mocTpoeHna: ROMQUIYPANAH MEOFOIEETPOHHEBIX
ATOMOB

[onx TepMUHOM KoHpueypaua amoma TNOXPa3yMeBaeTci pacrpefie-
JIeHHE 3MEKTPOHOB 110 PasHuM opburanss. [IpAHLKI NOCTPOEHHS SIEKT-
POHHBIX KOHQHIyPallMil MHOTO3JEKTPOHHBIX aTOMOB COCTOHT B 1oGaB-
JieHWH TIPOTOHOB H SJEKTPOHOB K aroMmy Bojopoja. B npocreiuiem
BHAE HTOT UPHHLIHKA VTBEPMAAET, UTO 3NEKTPOHE B MHOTGTEKTPOHHOM
aToMe CHeIVeT pa3MellaTh B cheTeMe opOuraned, QoOpManbHO TexX xe,
4T0 KB OpOMTANH BOJOPOAA, 3AMONHAA HX B IOPAJIKE yMEHLUICHHS CTa-
GUABLHOCTH C YueTOM [IPHEUHMNA HCKAloyeHHA {sanpera [laymn}. Tlops-
DOK SHepTHH opfutafiell B MHOTO3JEKTPOHHOM ATOME OTHACTH TOT e,
uTo ¥ y opbHTanell BOROpoAa, HO B JeHcTEHTE1LROCTH Bee e Halaioda-
I0TCH OTWMYHS, KOTopme GYAYT paccMoTpernl Huxe. [onyckasg, uTo
MHOTORIEKTPOHHEIH aToM uMmeeT Halop opOutaneil, COOTBETCTBYIONIHX
BOXOPOAHLIM OPEHTANAM, Ha CAMOM Jefle NPEINoJIaraioT, uTo OTheb-
HEIfl SAEKTPOH He B3aHMOMEHiCTBYET ¢ APYTHMH 3IEKTPOHAMH, 8 BEZET
ceGA TaK, KaK ec/M bl CYUIECTEOBa/ Jilillb TOABKO OH OJHH. 3710 npei-
NCNOXKEHHE BROJNE YAOBAETBOPHTENBHO, 3a HCKJIOUEHHEM TOr0 YTO
Ka#Ibill 33€KTPOH GYJIeT CTPEMHTLCA HECKOIbKO W3MEHHTb TO JEHCT-
BHE, ROTOPOE 3JeXTPOCTATHUECKOR NIoJle fJpa OKA3LIBAET HA Bee APYrHE
snextponst. JanbHefiumiee o0CYXKAeHHE 3TOCD BONpOCA NPHBEIEHO B
pasx. 1.10. .

OCHOBHOE COCTOSIEME aToMa BOAOpPORA MOXKHO 0DO3HAuHTh Kax 1s,
a 3TO 3HAYKT, YTO ONHH SIEKTPOH 3aiumaer | s-opOaTaib. B Tarom cny-
4ze He YKas3hBalT CMHH 3TOr0 SIeKTPOHA, NOCKONBKY OH He BJAHAET
HAa HEPTHIO, W, MOCKONbLKY CYMIECTBYET TOJLKO OAMH HJEKTPOH, HET
HEOGXOIHMOCTH NPHERMATh Bo BHUManue npuauun [laynu. deficTBH-
Te/IbHO, B BOJLLIOM HUCe ATOMOB BOJOPOAA B cBOGOAHOM NMPOCTPAH-
CTBE MOAOBHMHA 3naueHHit m, paeHa —1Y,, a gpyras nonoBHHA —1/3.
Crenyiomuit atoM B HOPAIKE BO3PacTaHHf aTOMHOIO HoMepa — resui,
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WMCIODIHHA ZBa 5M€KTpoHa. Ero sAeKTPOHHAS CTPyKTypa IOdydaeTcs
CACAYIOMKM 00pasoM: ecaid Havyath ¢ Aapa He®+ B noSaButs OTHH aieKT-
POIL, TO RONYUHTCS BojfoponononoOubifl atom He* u amekrpon safimer
| s-opbutanb. Eary MOXKHO APHNHCAThL KBAHTOBHIe yucia #=1, I=0,
1m,=—0, my=1/,, npuueM BHIGOp mM=—1/, ABNARTCH FPOHSBOJLHBIM.
lyna HampaBHTCA Tenmepb BTopo#t sAeKTpoOH B npouecce Het +e=He?
Opourans 1s asjinerca see ente Hanboiee cTAGHILEOU, TAK UTO 3NEKT-
'OH CTPEMHTCA Ha 3Ty OpGUTaNb, TIOCKOJBKY 3TO MOKHO CAENATh, HE
ltapyilag NPHBOAIN HCKAIOUEEKS. BTOpoHl SMeKTPOH HUMEeT KBAHTOBEIC
weaa n=1, =0, my=0, m=-~-1/,. Jror Habop ornuyaercs oT nep-
BOFO TOJBKO 3HAKOM CHHHaE, TaK uro 004 3FEeRTPOHA B aToMe TeqRs B
OCHOBHOM COCTOSIHMH HBJAAIOTCA 15-3deKTPOHAMH., DTa 3MEeKTPOHHAS
noHGHrypanus obosnayaercsa Kak 1s?, npuueM BepxHuil HHAEKC YKaBHI-
BUCT YHCHO SMEKTPOHOB ONpefiesieHHore Tuna. CruHp ABYX 5AEKTPOHOB,
KAK TOBODAT, CRAPEHst. ATOM He ABIAETCA TapaMarHHTHBIM.

Taxum ofpasoM, npu KoHGUryparki 1s® nepsbll 51eKTPOHHLIA CON
snodnen. ITpa nepexole K aroMy NHTHA, HMCIOWIEMY TPH JEKTPOHA,
nepBEIE GBA 3MEKTPOHA PasMEHIaIcs Tax, uTo npufaiorT Lit KoHgH-
rvpaunlo 1s?, a TPETHR 3aHHMaeT CJTVIOULYI0 Haubojee CTAGHIBHYIO
opOHTATb, 4 HMEHHO 2s-0pGHTanb. CacHoBaTeqbHO, 3JeKTPOHHAA KOH-
(urypauua aarea Ls? 2s. Pasee yixe oTMEUANoCk, YTO B aTOMEe BOAOPOAA
mepTHH opburanedl BO3pacTalT ¢ Bo3pactarheM 1. B To Bpems kak B
110ve BOJOPONA HET Pas/HYHA B SHEPTUAX AS- H Ap-YPOBHE!, BO Beex
MIIOTO3JIEKTPORHBIX aTOMaX, HECOMHEHHO, CYHIECTBYET PasHULlA MEXKIY
HIMH B NONB3Y ns-yposHel (cM. HUXKe). Bor nouemy rperni sisexTpon
I nomken ObITh OTHECEH CKOpee K 28-, ueM K 2p-yposHio. Aton Gepui-
Jid, ¥ KOTOPOTO HeTHIpe 3JICKTPOHa, HneeT KoHdurypauuoo 1s22s? u
CMARBL BCEX 3/IeKTPOHOB cnaperul. ¥ atoMa Gopa, KOTOpbill HMEeT DATH
WEKTPOHOB, NO/KHA BOSHUKHYTb KOUGMrypauus 1s%25%2p U nomxen
CYLIECTBOBATE OJMH HeCHapelHbld COHH, OOYCJIOBJAEHHBIE 2p-3MeK-
TPOHOM.

[Tpu mepexoiie X yriepofly, aToM KGTOPOTO HMeeT iUeCTh 3JEKTpo-
OB, MOXKHO AOBOJIbHO Ji@FKO YCTAHOBUTH, UTO 3JIEKTPOHHAS KOHQHTY-
[Pdll15% €ro OCHOBEOIO COCTOSIHAA AosxHua ObTh |5%25%2p% Ho noka ner
IIHKAKHX OCHOBAHUH pewiaTh, OYAYT JU COHHE NBYX 2p-5M1eKTPOHOB
cnapess! WAd Het. [To NpHABMIY HCK/IOYEHUA CIIADHBANAS He Tpedyer-
¢fl, TaX KaK JBa 3NME€KTPOHA, KOTODLE HMeOT =2, =1, MOTYT HMETh
OIMH ¥ TOT € CNHH H PasaHyaTbes 3HaueBuAMY m,. OTBeT Ha 5TOT BOn-
POC AaeTCA MPABW/IOM, HASHIBACMEIM NepBEIM NPaBHAon X YHAA, KOTOPOR
JetanbHee GyIeT paceMOTpeHO Hue ({(crp. 45)., Moo ' HSAOKUTE
CMBICJ 3TOTO NPABHIA B dopme, ocoSeHr0 yAOOHOH JMs JauBbiX Liesel,
1l UMEHHO! 710K& NO3BOJIAST MPHHLIHT HCKIIOUEHHST, 5JJEKTPOHBI ¢ OTHKRA-'
KOBGIMH 3HAYERMAMU 71 U [ GyXYyT HMeTh ONHHAKOBLIE 3HAYEHUS M,
00s3aTe]bHO 3aHEMAas OPOHTANR ¢ Pa3HbLIMH SHAueHHAMH m,. Clelid-
riITeaBHO, Hal/oAaeMas LA YIIepoLa ocobasa Kongurypaunst 1522s22p2
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ectb XONPHFYypauna, NOPH KoL0poK ABc p-opluradd  pasivynbl H
aT0M llapaMariuTel, Y10 COOTBCICIBYCT HAJHUHIO JABYX HeclapeH-
HBIX CHHHOB 37€K]1 PpOROB. AHaaornuno Y dToMa a30Ta KOIiCbHI‘ypaLl}lﬂ
18%25%2p% 1 JCKTPOHBL PACAPLAGISHEL 10 TPeM 2p-0pbHTANAM C ORH-
HAKOBLIMH 3HaUCHHAMI #1,.

B cayuae xuchopona ¥ atoMy J00aBR1AEICA YCTBCPTHIE 2p-31eKTPOH
H O AQ/KEI BCTYTIHTL A Y2e 3aHs1y1o 2p-opGHlanb, B TakoM ciayuae
erQe KB3HTODbLIe YHCJa A1, tu iy 6)’il}fT raKiunH ke, Kak H KRAdHTOBLhIe
uic1a SAeKTPONA, YaKe 2aHHMAIONIEI0 ary opbHiadb, TaK YTO 3TH ABd
3NeKTPOHA TOMIKHB! MMOTh TPOTHBOAGAOKHO HATPABJIEHHLIE CIHHEL
CihenoBarensrRo, a10MY KHCJIOPOXA fIDHCYLL [TAPaMardeTH3M, COOTBET-
CTBYIOILHH IBYM HeCNAPeHHBIM cunav. AToM ¢nopa HMeer KoHpHrypa-
uno 1s225?2p% ¥ TOABKO OZHN HECTIAPEITHBIA 3AeKTDOHHLIH cnun. Heod
nyeer Koudurypaunio 15*25*2p% u ero atoM He napamaruuted. Teneps
Bce 0pOHTAIH MepBOIO H BTOPOLO WIEKTPUHHLIX CJIOCE 3aNOaHEHBI.

Tax e xak y BOROPOAA, CeTyIoMHe 11oCte 28- u 2p-ypoRiefl Hag-
Goee cTabuabnpe oputadin — 3s v 3p. Cnellopaleneiio, nauuBas c
waipus (Z=11) ¥ fo aprona (Z==18) n06asnaerca BOCeMb 3AEKTPOHOB
COBEPINENTIO AHHAJMOIHYHO 340THCHHIO BToporo ciof. Ho ganuue cue-
TeMA YPOBHEH Bee OoMblue OTIMYAETCH OT CUCTEMBI YpOBHEH KA BORO-
pona. MoxcHo 6blA0 0XKHIATH, UTO KaTHH, Unelomuil Z=19, Gyaer umeth
kongurypaunio [Ar]3d, rae |Ar] nperctannger coboii €K1 poHlbIE OC-
ros ¢ Koudurypauuel aproka, T. e. 1s°2s22p%35°3ps. B aeéicTemenn-
nocte Koudurypauusa xanus [Arl4s. UroSn 1oHATL 316 oTkacnenyde or
xougurypainns BOROPOAR, a TaKie i ofiuee npabuio, uro E,«<lE, .,
OCTAHOBHMCA B PaccmolpHal GOJIce JeTalsHO 1IPeTuonoKeHne (OoApa-
3YMEBAEMOE 1IPH IOCTPOCHHH), 410 MHOTO3JCKTPOHHBIH aTOM JOMHEH
uneTh Hatop opBuranci, GopMa/iblo BOXOXEX HA 0pSATANH BOAOPORO-
UO,J'{()GIIOI'O CAHO2AEKTPOHROFG aTOMA.

B BOROpOIE HAN BO,LLOpD,J,OHOlLOﬁIiOM aToMe 3lieprdfa 3nexKTpola Ha
JAHHOW OPOHTAMH 3EBHCHT TOABKO OT BeNWYHHH Z/n® Wnu, AI8 JAaHHOrD
aroMa, Or KBAaHTOBOTO uMcka 7 |cM. ypasnenue (1.22)]. Takum obpa-
3oM, Hanpuyep 3s-, 3p- ¥ 3d-opGHTaJdH AONKILL WMETL OAHHAKOBYIO
sneprue. (B nelicTBHTeNLHOCTH ecTh He(ojhlice pasnHuue, o0yC/aoB-
Jennoe adexTanu GoMee BLICOKOTO NOPANKA.) JNEKTPOH Ha ONHOR N3
5THX opGuTaneil B aToMe BOAOPCHA HCILITEIBAEL BAMSHHEE TOMHO OIHOIO
AONOMUTRNLHOIO 3apsia siipa. [asec; 8 arone HATPUR INCKTPOH HA
3s-oputaan ucnpitaiBaer Bhustiue Goakluero zapsia sipa. Ecau Gu
Jo-mIeKIPOH LAXORKACA BCe BpemMsd B 0014CTH, PAacnoNomCHHOU non-
HOULLIW BHY uﬁsla{.ucﬁ, JAHHMACMBIX 3ACKTPOHAMH HCOHOBOFO OCTOBA,
10 1oraa sapsy sipa -t il hosKen 6ol 6B 9KPAEMPOBATBECA 3apsloM
gzonosoro octoga —10 1 Ss-ayexrpod uenbirmBay Gol ofmiuit sapsiy
4)pa, pasisil 10uH0 -|- | . ONIAKO 1070 He TPOUCXOINL, 14K KaK 35-BOJ-
AuB 0w \i‘)}'rIKLlPlﬁ HMEET KOHEYIOE 3iauelie Raxke HeNoCpCALlBCHHO ¥
A4pa (pHe. 1 8) raoe anesTpoi HONBE Pragrest JBO3AEHCTBHIG NOALOLC,
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sapsiaa appa. Ha pue. 1.10 nokasane, kak 3s-anexTpoH HATPHA npoHuU-
nacm BAYTPb HEOHOBOTO OCTOBA. 3apsj fApa BMECTO TOFO, YToGh! IKpa-
HHPOBATHCA TOMHOCTHIY, TAK UTO €T ahpermusrbil 3apsd Z* paBHsA-
cn 6l 1, dakTHdeckr sxpaHupyercs 4actuuHo H 3GbeKTHBHBIN 3apaj
siipa pasen ~2. Janee, 3p-op6uiaibp TaKKe HacTHYHO [POHHKEET
BIYTPb, HO HE HACTOALKO, HACKOABKC 35-0PGHTAML,; CJAeK0OBATENLHO, OHa
uCliLITEIBaeT BAMAHKE apexTHBHOrC 3apsja siipa [0 BeAKUAHE, J&a-
med sexay 1w 2, 34-Opfutant MPakTHUECKH HE HPOHHKAET BHYTPh
ouioBa, B £% AnA Hee oueHb Gnu3ok K eawnuue. Takum obpasoM, Korga
HEOHOBLIL OCTOB Banoueil, HMEeeT MeCcTO 3HAUMTeJblIoe pasjddue B
JHEPrHAX aTuX opOuTanedl, Tak YTO NOPSACK WX CTabHAbUOCTH CACHYIO-
ursn: 3s, 3p, 3d.

v (B edHHALaX ag)

F u c. 1.10. Tlpounkanue 3s5-opCuTalii B HEOHOBHI! 3NeKTPOHABIA OCTOB ({Ne]) atoma
BATPHA.

B nocieloRaTeALHOCTH IEMEHTOB B 00JACTH aproda H Kaaua BaHs-
11HC SKDAHHPOBANMA BHY1PEHHUX, 3aNONHEHHLIX OpOHMTaZell Takogo,
uto 4s-opBuTaib Mejlee 3KpaHUpOBaHA, uveM 3d-opOHTanH, H HOSTOMY
Gogee crabuibna, TorAa Kax 4p-opGurann o0myno 3KPAHKPOBAHLI He
FOIBKO CHIBHEE, ¥eM 4s-, Ho W Cu/bHec, yem 3d-opéurant. TaxuuM ofpa-
30M, TOCAEI0BATEABHOCTL SHEPruil Takcea: 3s, 3p, 4s, 3d, 4p. Adano-
ruyHo 5s-opOutanb, chepywulas 3a 4p-opburaneio, crabuiabHee, YeM
4d. lanee, B ueTBePTOM ciI0e HMelorcsl f-op6utann. OXHAKO OHM HE Clle-
1vioT 3a 4d-opouransmu. BMecTo 3T0r0 onath, IMaBHBIM 06pasoM BCed-
CiBHE DABAHYHA B CTelleHH TPOEHKAHH® B OCTOB ATOMd, OHM MeHee
cTaOUNbHEL, ueM Bg- u Gs-opOuranu,

¥YxaxeM Tenephb noANLIA Nepeyenb oplHTanedl HEATPATbHEIX 8TOMOB
& TOM TOPsiiKe, B KOTOPOM OHH sanonHmiorca: is, 2s, 2p, 3s, 3p, 4s,
3d, 4p, bs, 4d, bp, 65, 4], 5d, 6p, Ts, 6d~5]f... .

DNEKTPOHILIE CTPYRTYDPH OOMBIUIHHCTBA H3BECTHLIX ATOMOB MOKHO
COCTABHTHL, HCROB3YA 3TOT (OPAACK H NPHHUMERL, ofcyXKAaBIuHeCA
pbiuie. ECTh HEROTOPBIE HE3HAUYMTENbHbIE AHOMANHH, KOTOpble OyAyT
OTMEYeHBl B COOTBETCTBYIOIRHX Mecrax Fekc:a. [loanbit nepeueHb aie-
MEHTOB H HX SAEKTPOHHHIX KONHTYDAuki B OCHOBHOM COCTOSHEH MpH-
BETEH, Ba NEPROM fhop3ane KIHTHY ... .
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1.7. Tlepuonmmueckas radmamma

Haspanne «nepronpueckan TabaHna», BO3MOMKHO, SBISETCA HENOI-
XOAAUIAM, TAK KaK ObITH MpeiIokKeHb G6YKBAAsHO COTHE PA3HHIX BHIOB
fepROAKUECKHX TabARL 2/1eMeHToB. [lepBhble 3 HUX NOSBAMHCH 3AJ0JIT0
10 BO3HHKHOBEHHA COBpPEMEHHON TeODHH aTOMHON CTPYKTYDPHI B GBHLEH
OCHOB3Hbl Ha CPABHEHMH XHMHBUYECKHX cDOHCTB 3/leMEHTOB. MeHpesees
6uLE MEPBHIM, KTO paspafoTan Tabauity, B OCHOBHOM NMOXOMHYI) Ha Tab-
Jiutbl, MCModb3yesmble B Hamy A, OOUIMH, COBpeMeHHBIH «pacUIKpeH-
Helf» BAR TabMHUBL MOXMHEO HAHTH Ha BTOPOM (op3aile KHHTH.

BepTEkaneHbie pamm B TaGiMie HAashBAOT 2pynnami, TOPH3OH-
TanbHBle nepuodamu. Hekoropele rpynnel npHoOpead TDPHBHAMDBHLIE
Ha3BaHHsA, YNOTpelJeRAe KOTODHIX OUeHb PACHAPOCTPAHEHO. DeMeHTH
royinnl [a (32 ucraUeHHeM BOOPORA)} HASLIBANOT (iEAOUHGIMU MEMAA-
aang. Tpynna I]a cOCTOHT H3 wjeaouHO3EMEALHBIX MEMAnr0e, Fpynna
16— Ha Gageopofnsix memanios. JNeMeHTH rpynnel VIO — zaqsozems:.
DeMEHTHI HYJNEBOH I'PYNME HA3HIBAIOT LACPMHAHBIMI 2a30ML, XOTH TAKHKE
BCTPERAOTCA BEIDAKERHA «pelKHe a3kl HIH «GJaropoiHbie rasmi».
DNEMEHTBI TPYNNE VIO HHOIMA HASKIBAKOT XQAGKO2EHIMIL.

MpusnunuansHoii ocoBOR, H3bpanHoil MenleneeBbiM ig KnmaccH-
(puKaUAY 3JEMEHTOB N0 Tpynnay, 6bli0 CXOACTBO HX BalleHTHOCTH. JT0
CXOJACTBO TeNeph MOKHO OOBLACHKTE C YOYKH 3PEHHA 2ICKTPOHHON CTPYR-
Typhl atoMoB. MoxHo moHATH Taxke, noyeMy MeTanasn Ag, Cu u Au,
topManbro mofobupe Metansaym Li, Na, K, Rb u Cs teM, uto Bee oHu
HMEIOT CTaGHJbHBIE COCTOAHHA oOKuchaerHsa -+1, me oueHb noxomu
Ha 3TH aneMeHTH, B rpyane Li umeetca o/uH BasNeHTHRH 3J1eKTPOH BHe
OueHp YCTOHUHBOTO OCTOBA 8TOMA MHEPTHOTO ras3a, B TO BpeMA Kak B
aroMe saemexta rpynobl Cu A0 BHEIUHHM SJSKTPOHOM HAXORMTCH 3a-
TIO/THEHHBIH d-NOAYpPOBeHD, KOTOPHIH He 0COOEHHO COMPOTHBJSAETCS NO-
Tepe 3MEeKTPOHOB H ABJAAETCA AOBOJBHO DPHIXJBIM H Je(opMEpPyeMbIM. ¢
MoKHO TaKKe MOHAThL, INoueMy (GOpPMaNIbHOR CXOACTBO OKHCHHTENBHBIX
COCTOSHHE 3/7eMEHTOB C YaCTHYHO 3aNOAHEHHBIMH d-NOLYPOBHSAMH €
OKHCHHTE/IbHBEIME COCTOSHHAMY aToMOB, KOTOPHE HMET TOJLKC §- H
pP-3JEKTPORBL BO BHEIUHHX YDOBEAX, B JAEHCTBHTEALHOCTH ABJAETCH
ToAbKO GopmanbHeiM. Hecomuenuo, N # V He HMEIOT TIOLTMHEONO X#-
MHTECKOTO CXOHOCTBA. B COBpeMeHHBIX THITAX NEPHONMYECKON TAOIHILE
3MeMEHTHI, ¥ aTOMOB KOTOPHIX 3aNOJHSIOTCA d- ¥ [-MONYPOBHHM, HasLl-
BaAIOT Nnepexodubimu daeMmernami; BX TOMEIIAIOT OTALNBHA OT Henepexos-
Hoix saemermos. IlocaexoBatenpHocTH 3iemenToB Li—Ne m Na—Ar
HA3HBAIOT COOTBETCTBEHHO NEPBRIM W BTOPEIM MaJdBIMH [IEPHONAMH.
Paast Sc—Ni, Y—Pd u La—Pt (3a ncKAlOueHReM YeTHIPHATNATH 3JE-
MEHTOB, C/IEAYIONMX HENOCPEICTBEHHO 33 La) HaskBaloT COOTRETCTBEHHO
MEpBEIM, BTOPHIM M TPETbEM DAIAMH 'NEPEXOJHEX 9AeMeHTOB. Uerhip-
Hajuate aaeMenToB, Ce—Lu, y xoropblX sanojHsiorces 4f-opOutany,
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HAZLIBAIOT PedKO3eMeAbHbIMI IREMEHTAME HIH AaHmanudam (MOCKOIb:
ny 4f-3MEKTPOHB OKA3KIBAIDT OUEHb He0OMbLIOE BJAMANKE HA HX XHMH-
tecKHe CBGACTBA, BCE ONH  XMMIUECKH TNOAQGHLI), IAeMeHTHl paARa
Th 10 saeser1a 104* 11a3plBalOT @RMUHLOEMH, XOTH B HENOM HX CXO/JCTBO
¢ anTHHHEM He TdK BeJuKo, Kak v JaHTala ¢ danranuiamu. Tlepexof-
IELIEe STEMEHTL!, ¥ K(}TOpb[}{ BANOJHARYICSH d-lIU,'_l}'POBHH, HUQTA& i[A3bI-
BUIOT «d-aaemeilTaMuy. JIanTaHAIsl B dKTHHWAB COOTBETCTBEHHC Hashl
BAIOT ¢ f-a0eMeHTaMHY,

1.8. Cocroauua, oupejeTsemMble H3 DIEKTPOHNLIX Kondurypaumii

B ofmem janHAst 3/@KTPOHHANA XOH(DHUIYPALKA COOTBETCTBYET He
CTHHCTBEHIIOMY — COCMIOAHWN0 4ToMa uaM  koHa. Dyaem cuurats,
IO COCTOAIIHE  XAPAKTEPHU3YETCA  ONpelefelHbIMH  3HAUEHHAMH!
1) sneprud, 2) opOHTANBHOTO YIIOBOTO MOMEHTa K 3) CHHHOBOTO
VIVIOROTD  Momedta. OxapakTepH30BAHROE TaKUM 00pasoM coCTodA-
1IHE COOTBETCTBYET ,uy,zbmmmwny B CNCK1POCKOITIH. Tep]\IHH «Aly.ﬂbTPlI’l-
JeT» ynoTpebasiorT ToTOMY, UI0 CYIUCCTEYET PSJ KOMIIOHEHT OJHOrO
COCIOSHISA, KOTOPLIE OGN0 OT.IHURIOTCS 0O SMEPTHAM TOpasio MeEb-
Ile, ueM OJHO TAKOe COCTOAUME OTTHUaeTCs OFT APYroro. JTH KOMRo-
EHTHl COCTOSIHHA, WJIH MYIBTHIIEIB, HMEIOr pa3HBle 3HAYEHHS
NOJIHOTO YIJAOBOTO MOMEHTA, YTO SB/IALTCA PE3YJIb1ATOM CIOKEeHHS OPOH-
Ta,IbHOTO W CHHHOBOTO YIJIOBBIX MOMEHTOB. MTax, TPH XapaKTepHCTH-
UpCKHe BEJHYHHBI COCTOAHHA CHCTeML HMEIOT HeKOTOpbie 3HAUeHHS,
KOTOPBIE OTIPEASIAIOTCSH TAKUM METOIOM, [IPH KOTOPOM KaXIas M3 TPeX
BEAHUMH, COOTBEFCTBYIOINA® OTIEIbHBIM 3]1CKTPONAM, CKJIAABIBACTCA
i JaeT PesyJAbTHpYIoLUiee 3Haveiine Ans Beelt rpynnsl saekTpoHoB. Jaxe
B MPOCTEMIINX CAYYASX 3T0 CJAOMKHEA Npobjiema, KOTOPYIO Helb3sl pe-
HINTH coBepuienno crporo. ODHAKO 3KCUepHMEHTAbHO HalijeHo, UTO
;g Bojee Jerkux atomoB (LUpHOAH3UTEABLHO BIL1OTH JI0 JaHTAHMAOB)
HpUpoja chAelverT CXeMe, KOTOPYIO MOMHO COCTABHTE Na HOCTATOYHO
BRICOKOM YPOBHE UDPHOMIKEHHA, [ONL3YACH PAJIOM CPaBHETENbHO
NPOCTHIX TIPABWA. 3FoT pAd IPaBHA HaskiBaeTca cXemofl Paccenta —
CayHpepca WaH cXeMoF LS-B3auMOJeHCTBHA H ABASETCA TEMOH JaHHOIQ
pasiena.

CocrostHie KakAoTO 3/JIeKTPOHA B ATOME XapaKTepH3yercs Haﬁopom
KBaHTOBHIX YWcesa 1, I, #i, Mg, MPHYEM TPH TIOCKEAHHX HMEKT 0CoG0e

siavenne. ToyHo Tak ke xak [ B BHIe Vl ({4-1) onpe,ue.nﬁe'r OpﬁﬂTa.ﬂb-
NBl YrI0BGH MOMEHT OJIHOTO 3JI€KTPONA, BBEREHO KBAHTOBOE 4HCIO L,
xoropoe B Buge )L {L-+1) naet oSlnii OpGHTANbHDIE YIIOBOM MOMEHT
arova. O6ossaueHue M; HCMOOAB3YIOT, UTOOH NPEICTABHTH KOMIOHEH-
Thi L BJIGNB HEKOTOPOTC 33J4AHHOIO HANPAB/EHHA aHANOTHYHO O0O3HAa-

* Ku — rypuarosail.-— fJpus. ped.




40 IVIABA 1

yeHHIO M, AN JarEoro sdekTpona TouHO Tak XKe MCUOAb3YIOT KBaH-
ToBoe wHCHO S Ans ofo3Havenns ofllero CHHHOBOIO YIVIOBGI'O MOMEHTa

371eKTPOHOB, PABHOTO 18 (S+1), xak KBarToBOE YUC/IQ M1, AN OXHOTO
9/IeKTpoHa. Pasadyne 3jech 3aKII094eTCH B TOM, UTO KBAHTOBOE YHCHO
m, OTPAHHYUBAGTCA 3HA4UEHUEM /4, B TO BPEMF KaK S MOXKET IPHHH-
MaTh LeJO€ H NONyllenoe 3HaueHusi, HayHHas ¢ HyJs. KOMIOHEHTRI
S BIONL 33A4HHOTC Hampabfenyna oboskauaiorcd uepes Mg o aHa-
JOTHER € M.

OBo3Hauenys COCTOSHHI aTOMOB AHAJOrHYHA OGO3HAUEHHAM OpOH-
Tafedl orlenphBIX 5aeKTporoB. Takdum 00pasoM, NpOMHCHEIE OYKBLI
S, P, D, F, G, H... npeMenawr A% ofosHaueHus cocrosrni ¢ L=0,
1, 2, 3, 4, 5.., Hcnonnzopakne S A 0003HAYeHHS COCTOAHHSA ATGMA H
KBAHTOBOrO YHCJAA HeyAauHO, HO NMPAKTHUYECKH pelKo BLISHIBAET KaKue-
aubo aatpyavenus. [loayoe o6o3HaueHHe COCTOAHNA TaKKe YKA3LIBAeT
u ofuMil CIIHH, HO He HenoCpeAcTBeHHO B BHe snadeHus S. UYauie uc-
MOAb3YIOT PAA sHaueHHil Mg, KOTOPHIN HAIHIBAIOT CMUMOBOU MYAbMUTL-
aemuocmeio. Tagkud 06pa3cM, Mg COCTOAHHA ¢ S==1 CHAHOBAA MYJILTHII-
JIeTHOCTh paBHa 3, TAK KAK CYLECTBYIOT TpH 3ravends Mg 1, 0, —I1.
CnuHOBYX) MYJLTHEJIETHOCTh, paBHYI0 25--1, yK4shiBalOT B BUZE Je-
BoOI'O BepxHero uujekca y ofosHadenns L. Caepylomte IpEMepsl JOJK-
HBI CHeJath SCHBIM HX yrnorpebnesue:

s L=4, S=1/, cfoszauene *G
HBns L=+2, S=3%/, ofoanauenue *D
Ona L=0, &= 1 ofosnayeuue 23

Hasusad uny 3aUCEBAR COCTORHHA €O CUWHOBOR MYRLTULIETHO-
cereio 1, 2, 3, 4, 5, 6 .., HX Ha3bIBAIOT COOTBETCTBEHHO CUH2AEMAMU,
dybremamu, MPURILMAML, KEAPMEMAMU , KEUHMEHIOMI, CEKCIMENaMU. ..
TakuM ofpasom, TPH COCTOSHHSA, 3AMHCRHHBIE BblUE, AOJKHBL Haskl-
Batecs: pyGnersoe G-, ksapreTHO® D- M TpRAnETHOE S-COCTOAHHE CO-
OTBETCTBEHHO,

Kax u B cayyae eIHHCTBEHHOTO 3JeKTPOHA, HHOrAa MOKeT Oblth
HHTepeceH OOLIHH YIVIOBGH MOMEHT, KOTOPhIfl SIBAAETCH BEKTOPHOH
cymmoit L u S. J118 Beero atoma 8 HeoM ero ofozHayaior yepes J. Kor-
na s3To HeoOXonumo, aHayenus J RoBapasior k 0003HAYEHHIO B BHIE
NpaBoro HWKHEro uHAeKca. Tax, cocToanke D MokeT uners aoboe n3
cAelYIOMX 3HaueH i J, yTo 0603HAYAETCA COOTBETCTBYIGIIHM QOPa30M:

L Mg [ Oto3navenne
2 81"2 7/2 4D’/3
2 Yy ¥ 4Ds,,
2 _—11‘#2 3]2 4Da/’

2 _—3/2 1/? 4D"/s

y
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UroGel ONMpefeilTh, KaKHe COCTORHHHA MOFYT B JeHCTEBHTENBHACTH
IE?CT])E'-IEI’I‘E:CHu AJasa Jandoro aroMa HJay HOHAa, HauHeM CO CAEAYIOHX
ONpeaeJeHt, KOTODHE MPelCcTasIsaior coboft cYIHOCTE HCMOAR30BAH-
HOrQ HPHDIIH}KBHHH:

1 g

My=m - m® L mf i ’
1 &

Mg=mP 4P L P . Ll

rie mP u m® — snavenns My u M, 4NN E-TO 3/ICKTPOHA B aToMe, HMelo-
WICK BCETO £ BACKTPOHOB.

Boofute rer HeoGXOQMMOCTH OOpainaTh BHHMaHHe HA BCE 3JEKTpPO-
Hbl B aTOME NPH BRYHCACHRHH M, 1 Mg, TéK Kak Te rpymmbl a1exTpo-
0B, KOTORBIE HOIHOCTHIO 3aMOAHAIT nidyio rpynmy opGurajedt (s,
p, d ¥ T. A.), K0T Bce BMeCTe HyJeBoi BKrag B M, u M.

HanpaMep, noinpiét #Haop p-3MeKTPOHOB CONEPIKUT ABA INEKTPOHA
¢ m,=0, aBa c m;=1 4 asa c my=—1, cymma ux m,=04+0+14+1—1—1
paBHa Hymio. B TO ke BPevs [10JOBKNA 3MEKTPOHOB HMeeT Mmy=1/,,
a Apyras HOJOBuHA #1,=-—1/,, nosToMy Mg Takxke paeno myao. Oue-
(s3U{HO, 3TC MOXKeET ObiTh 0BGOMEHO /15t JTI0GOTO 3aNONHEHHOTO JeKTPOH-
HOTO YpOBH#. B CBA3H ¢ 9THM MHTEPECHH! TONBKO YaCTHYHO 3a0NHEH-
HEE YPOBHH.

J1s yacTHYHO 3aNOAHEHHOIO YPOBHH BCETNA €CTh HECKOJNBKO BO3-
WOMKHOCTER OTHECEHRA 3RAYCHUH M, M m; K pasHLIM 37eKTpoHaM. Cie-
v €T YUHTLIBATE BCE BOIMOMKHOCTH, KPOME TeX, KOTOpEIe JINGO He paspe-
LIAIOTCS TIPHHITUTIOM HCRIIOUEHHS, JHO0, KaK BCKOpe GYIET HOKasaHo,
dmzuuecky HepasauuuMss, Jlas yAOGCTBE TONB3YWOTCH 0G03HAYSHMSN-
\H, B KOTOPbLIX BepXilHe HIAEKCH + HJIH — NPeJCTaBJISIOT COOTBETCT-
BCHHO mg=+1/, u m=~—"/,. TakuM 06pa3om, ecd HepBHH 3JeKTPOH
mueer my=1, my=-1, BTOpoH m;=2, m=~=—1, Tpetui m,={,
my=-+1, 1 T. A., Moxu0 Hanucate (1+, 27, 0F...). Takywo cnewudu-
KallMK SHaYeHUH M, ¥ m, BCeX SJEKTPOHOB HA3BLIBAIOT MUKPOCOCMOS-
HieM.

Teneps paccmorpum aBe Kondurypanuu: 2p3p u 2p®. B mepsom
CIyuae MOXHO CBOOOAHO OTHECTH KBAHTOBHIE YHCAA M1, H M, K JBYM
JJEKTPOKAM, HOCKOIBKY HET OrpaiHueHHA NPHHUHMNOM 3anperd, Tak
KaK 3JeKTPOREl YIKe Pa3AudyarTed CBOHMH IVIABHBIME KBAHTORBIMH YHC-
jgamd. Taxkum oOpasos, pa3pemieHRl MEKPOCOCTOSIHHS, TaKKe, KAk
(17, 1*) u {07, 07 ). Onsako oHA He MOTYT GBITH ZOMYIISHE! AAS 2p3-
wonpurypaiiua. B sroM chyuae, TOCKOALKY JBa aiekTpoRa 2p3p-
KOHDEIypallWK pa3fHYaloTCsl CBOHMU KBAHTOBBIMH YHCJAMM, TO ABa
mMaxpococrosiHig THna {1+, 07) u (07, 1+) dbusruecky oinuuns. On-
HAKO GAS 2pPxondMrypauun TAKAR Napa HA CaMOM Aefe TOXKAeCTRel-
Ha, TaK KaK HeT HUKAKOr0 usu4eckoe0 Pas/MHuUs MEKIY <«IepBbIM
IEKTPOHOM» H ¢BTODEIM /eKTpoHOM». [lad 2p3p-KorpHrypauuu Mo-
Her OHTh, TaKumM 06pasoM, 6X6=36 pasHWX MHKPOCOCTOSHH, B TOQ
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BpeMA Kak JAnf 2p°-KoHGUIYPanlil LIeCTL H3 HEX aHBYJUDPYIOTCA MPHH-
UHITOM HCKJOUYeHHs, a ocTaibhble 30 COCTOAIT 3 Nap, KOTOPEIE (hH3K-
YECKH HEePas.HYHMBI. CJIE,HOBa;TeJ'IbI{O, 538 2p*-kouUrypalltHH MOXeT
OBITE JHLIb 15 MAKPOCOCTORHRIL.

Tabauua .2
Hafiop MuKDOCOCTORHRH 118 pl-KondHIY P4l
a 6
M, Mg W, Mg
ro 0 | — r 0 [ =
i+, 1- 2 . _
% ({+, EH, 0“;(I" 0+) (Gl‘). 1 (()l“‘), {i—, 0+) (GI_},
i " ) —
o |0, [ar, —myer, |02 o [0l fas —ime, O
—In 0y {l-. =1} |—17) —1+) 07) . _]_)
~1 [(—1+,| (=11, 0~ H—1—, [(—1-,| —1 |[(—1%,| (=17, 0"} —i7,
0+) 0 0-) L 10%) )
—2 (—t+, —1+) —2

B raGn. [.2a npneeilen Ha6op MHKPOCOCTOAHHA 2p2-K01’qmry1ﬂa-
UK, TAe OHH PACHOTOKEHBl B COOTBETCTBYHH CO 3Hal{E:HHH1\.II'{ My 1/1' Mg,
Saﬂa'{a F2KNI0UERTCA Teneph B TOM, yTofibl H3 3TOTO pAala NOJIVYATH
BO3MONKHBIe 3iauernsg L u S. CHadaia OTMETHM, YTO MaKCHMAnNblibie H
MEHHMAIbHBIE aHavenus M; — 370 2 ¥ —2, KaxmIoe H3 KOTOPBIX CBA-
zago ¢ Mo=0. OHu JAOTKHB! SBAATHCS ABYMSR KpaHHHMH 3;:34&}{}191\1}1
M, MOJYUeHNbIMH H3 COCTOSIHHA C L=2n85=0, 1 mieH'Ho -COCTOR -
Hue. K »Tomy 1D-coctofHuIo HONXKHL! TAKKE NPHHALNEKATh MHKGDOOCOC-
Tosinun ¢ Mg=0wn M,=1,0u —1. Ecian Teneph HCKIOUHTL Na [: "3
IATH MHKPOCOCTCAHHHA, COOTBETCTSYVIOMMX D»COCTOHII?IIO, oCTaHyTCH
COCTOANHS, fIpUBCICHHbIE B Tada. 1.26. OrmMerum, 4TO HEBAMKHO, KaKHe
K3 JIBYX WJIH TPEX MHKPOCOCTOAHNH V1aJHTh 03 11abopa, B KO1OpOM nep-
BOHAYANLHO HX COREPIKANOCH HCChOALKO, T. €. MHKDPOCOCTOSIHISA, BXO-
ASIIMC B OAMH M TOT e HaGop, B JCHCTBHTENLHOCTH NePeMellHBaloTCA
newAy coboil ¥ JaloT HOBEE MuKpococToARuf. OIHaKO #uca0 MUKpPO-
COCTOSTHAH B Hafope, Kakoro Obl BHAA 0iiA 1M OplAM, (PRKCHPOBAHO.

Barnauys Tteneps Ha tabn. 1.26, yBMIUM, YTC WMEIOTCA B[HKP?-
cocroauua ¢ M;=1,0, —l ans KaxKioro 3HadeHHA fflszl, , —1.
JIeBATE TAKHX MHMEpPOCOCTOANAL MpPeICTABAAIT COOOH KOMOONEHTH
3P-cocronnusi. Ecnu uX yIagnTk, ocTaHeTCR TOABKO O1HO MHKPOCOCTOR -
Hue ¢ M;=0 u M =0. Oso N0.KEO OLITh CBA3aHO C 'S-COCIOSHHEM
NAHHOR KOH(UTYPALHH. TaKHo\[ o?paso.u, paspelne%uipcogc:ﬁéuff
2pt-koudurypauud (mad Jobok r:p--xooﬁunrypamiH) ), P, .sbrl:fb
AYET OTMETHTD, Y10 CYAMMA BRIPOMICHEH 3THX COCTOAHHM JOHHE
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PaBHa 9HCAY MHKpococTosiHEE. Cocrosnue IS He umeer uy CITHHOBOTO,
HY OpOHTENBHOTO BHIPOMACHHUA: NOSTOMY KpPaTHOCTh €rQ BHIPOMACHHSI
paBHa 1. 'D-coCTORHHE He HMEeT CIHHOBOTO BRIDOXKAEHHSA, HO OPOHTAML-
#O 2L-+1-nATHKpaTHO BLIPOXAEHO. *P-COCTOSHHE HMEeT TpeXKpaTHoe
CIIHHOBOE BLIPOM/IEHME M TpPeXKPaTHOE opGHTAIbHOE BBIPOKIACHHE,
UT0 AaeT 0OWLYI0 KPaTHOCTH BHIPOMHEHUS 3 X 3=9. Cymma KpaTrocreit
BEIDOXKACHUS JeHCTBUTENBHO paBHa 5.

Ang 2p3p-kondurypaunu pa3peniaeMbie COCTOSIHMA TeX JKe THIOB
S,PuD, Ho TENEPb HMEET MECTO CHIIVIET M TPHIJET KAXKIOro pofa.
IT0 MOMHO HAMVISIHO AOKA3aTh, €CJHH COCTABHTE Tabauiy MMKpococ-
TOSHHH ¥ NOCTYNKTE T4K, KaK B IPEIBAYLIEM ciyuae. BeposiTeo, sTo
MOXHO ODJIerdYKTDL, eciu SAMETHTD, 4YTO ANIA KaxcOot KoMOHHaumu m}
H m'} €CTh YeThipe MHKPOCOCTOSIHHS ¢ PACHOJOMEHHAMH CIHHOR -+ -+,
+—, =+ B ——. ORHO H3 HHX, -— uJK —-, MOXHO DaCCMAaTpH-
BaTk KaK BpHHaine:xalllee K CHHIVIETHOMY COCTOSHHIO, TOTAa Apyrue
TPH TIPHHAMIENKAT K TPHIVIETHOMY cocTosanio. Crenyer OTMETHTE, YTO
CYMMA KPATHOCTeH BBIDOKIEHHS LIECTH COCTOSHHN (°D, D, 3p, 1p,
°S, 1S) pasua 36— wuucay MHKPOCOCTOSTHH .

[pumenas cxemy LS-B3auMojeiicTons, MOMEO NPOBEPHTE NpH Io-
MOIH  MeTONd, HCHONb30BAHHOTO 4 np*-gondurypauui, uro nd-
KORGHI'Y palus NPHBOIAT K COCTOHHUAM 3F, °P, G, D u 'S u o np®-
KOHQHIYPALHA AaeT cocrostHus %S, 1P, 1D,

Onucannsil  MeTOA HaXOXACHHH MHKDOCOCTOSHKE  Rakof-THOGG
3JIeKTPORNOH KOK(HMIYPAIHH CTAHOBUTCH OYEHb I'POMO3IKHM fpH BO3-
PACTARMH YHCTA 5EK1POHOB BHILE 5; GIHAKO eCTb COOTHOWEHHE, KOTO-
POE TIOIBOJISIET DEliuTh MHOTHE RPOGAeMBl ANA ewe 6oMee CIOKHBIX
KOHGHrypaunit. 270 cooTHomenHe Ha3LBaeTcs doipoutoim  gopmanus-
MOM, TIO KOTOPOMY SVIEK1POHHbLII YPOBEHb, YACTHUHO 3aMOMHEHHLI 71
SICKTPORAMH, MOXHO DACCMATPHBATH KaK COCTOSIUIME H3 1 3JIEKTPOHOB
It B3 N—n nosnrponos, rae N — obmas eMKocTh vpoBHA. ITockonbry
NacCMaTpPHBARTCA  3JIEKTPOCTATHYCCKOE  B3aAMOJeHiCTBUe AIEKTPOHOB
MEXAY CoBOM, HeT HUKAKOR pasHILb], GYAYT JIH OHH BCE NONOKKHTETBHO
HAH OTPHUATENBHO 34pAMEIRHbIME, TAK KAK IHEPLHH BBAHMOLeHCTBHI
It B TOM, B B XDYTOM CJIy4ae MPONOPLRHOHAMbHBL NPOH3BELEHHIO IBYX
3apafoB. lefcTBUTENRLHO, NOBOMBLHO NETKO TOHATh, YTO HEBIDOYHEI
(popmasinam Rommer Obith cnpapefnys, NOCKOARKY, KaK Obl HHM BEIGH-
PalH MHKDOCOCTOANHE IV £ SIEKTPOHOB B CIOE C eMKOCTBIO N, 0CTa-
erca #abop /1, W m, 3HAYEHMil, KOTOpbe MOTYT OBITb HCHOJb30OBAHML
N—n 3nexTponami.

Heckoabko cocrosnnit, monyuemunix a1s mamuof KOH(HTypaltuy,
HMEIOT pasHble SHeprHM. OQHako UHCTO TeOpeTHYeCKas OlEHKA 5Toil
PA3HAUBI SHEPTHH He ABAAETCH HH JETKoH, WM TOYHOH, TAK KaK OHA
BRIPAAAETCA Yepes OlpeneselHbie HHTErpaliel, OTPaXAIOUiHe OTTAJKU-
Balie 3JEKTPOHOB APYT OT Apyra, KOTOPO® He MOKET GBiThb TOUHO OLe-
IeHO NyTem pacdercs. OaHaKo, eci A%A KakoH-1uto KOHQHTYpallH
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CYMIECTBYET IECKONBKO TEPMOB, TO OGHIMHO BCe PAIHOCTH SHEPIMH MOXK-
HO BHIPA3UThL TPY NOMOILH NECKONbKHX HuTerpanos. Taxum ofpasom,
ecid OLIH u3MEepeHbl SHCPTHHE HeCKOAbKHX COCTOANIH, APYrHe MOXKII0
BBITHC/IMTH ¢ VIOBJETBOPHTC/ILHON CTENEHBIO TOYHOCTH, XOTH H HE COB-
ceM CTpOTo, TaK KaK cama cXema B3auMOIeHCTBUA SBAAETCH TOJABKO
npuGIRAKEeHUEM. BelHuHHs! pasHOCTeH 3Hepruil o0bl4HO CPABIHMBI C
SHeprifMu XUMHYECKHX cBsidefl H XuMuueCKAX peaxuuil. Tax, sueprun
1D w1 S BO30YKACHHLIX COCTOSIHUM aTOMa yraepoaa ¢ KOHGHTY PalHed
162252 2p® paBuist ~25 B ~D6 KKaAA/MOAL COOTBETCTBEHHO, YTO Bhillle
3[2.0CHOBHOTO COCTORHHA.

[ousiTHe of JHEPreTHUECKHX PA3HOCTAX MEXIY COCTOAHHSAMH B
OCHOBHOM OyAeT INPHMENIEHO NpPH PACCMOTPEHHH HOHOR RePeXOfHLIX
METANTI0B ¢ KCTIOJL30BAHHEM TEOPHH KPHCTAAAHYECKOro N0 U TEOPHA
nonsi JgurasfoB. IlosTomy nadbHeiituee oGCyXjelHe »HeprHil OyAer
orioxKeno (s, 26).

Kak yrnomuHa/noch BHILE, KAXKI0E COCTOSHUE THNa *S+'L B AeHCTRH-
TEeJBHOCTH COCTOHT M3 TPYIINE MOACOCTOANKI C PA3HBLIMH 3HAUCHHSIMH
KBaHTOBOTO umMcaa J. DHepreTHuecKne pPasHOCTH MeXAY 3THMH Mojcoc-
TOAHUSMH B OOHIEM [0 BeIMYHHE HA NOPAJNOK MEHBIUE, YeM pastocTH
SHEprii MeXy CAMHMH COCTORHUAME, H 0GbIUHO HMH MOKHO MpeHedpedn
NPH H3YYeHHH [pobieM, TpPeIcTaBAAIOUIEX HHTepeC AJA  XHMHKOB.
OnHako B HEKOTODPBIX CAydyasiX, HANpHMep IPW H3YUEHHH MATHHTHBIX
ceofict JAawranugos (ra. 31) B noutH Beex npodseM, CBA3AHHBIX C
OUEHB TAKE/IBIMH 3JeMEHTAMH (3JeMeHTaMH TPerhCre psja nepexoi-
HBEIX 3JEMCHTOR B AKTHHHIAMH), 9TH PA3HOCTH 3nieprufl UMeIoT Gonsinoe
3HauYeHKe H HMH Hesb3s nperebperare. B caMoM Aene, A OUEHb TAXKE-
JTBIX 5JeMEHTOB OHH CTAHOBSATCH CPABAHMBIMH I10 BEJHUMHC C Pa3HOCTH-
MM 3Hepreil memny 25+1L-cocTosHHAMH. KorAa 3T0 NPOHCXOAHT, METOR
LS-paumofieHCTBHA CTAHOBUTCA TIO CYINECTBY HEHAREKHBIM H HYXKHO
npUMENATe ApyTHe, Gosee CJAOXKHBIE METOIBI.

[IpHunHOfl pasinuus NOACOCTONHHE C PAsHbIMM 3HAYeHHAMH J
SBJISETCA NPAMOE B3AHMOAEHCTBHE MENY CUHHOBHIM M OpGHTALHBIM
YIJIOBEIMU MOMENTaMH MEKTPOHOB. B cxeme LS-B3aHMOAEHCTBHSI OHO
npegnojaraeTcs HesHauuTeNbHBIM, FlO3TOMY, KaK M3BECTHO, CHUTAIOT,
4ro mP CKAANLIBAIOTCS TOJALKO APYT € APYroM, a m — TONbKO Mexay
coboii. Ecar s3anmogeiictBre mMexay me u mP A8 KaxAOro 34eKTpo-
Ha CTAHOBHTCH O4eHMs CHJBHEIM, MOXHO HCNONL30OBATh APYroH, cpas-
HHTENBHO TPOCTOH METOA AJIf HAXOHKAEHHS COCTOAHUN AaHHOH 8/eKT-
pOHHO# KoHUWrypauME. B 5TOoM Meroie, H3BECTHOM KaK cxema jj-
B3aHMOJIEHCTBUA, MPERROIAraercs, 4TO COCTORHHS BO3ZHHKAIOT BCACH-
CTBHE PasJMUHLIX KoMOMHALKH BHAUCHR] | KOKAOrO 3MeKTpoRa. B cxeme
jj-BaaumojieficTBus KBaKTOBble uncna M; u Mg sHe cTosp BAXKHEI K
COCTOSIHMSl XapaxTepusYIOTCA APYIEMH KBaHTOBHIMH uHcHaMi. Tak Kak
jj-B3arMOfieiiCTBHE He HalJeT HENOCPeICTBERHOrO MPUMEHEHHS B To-
CACIYIONTHX TVIABAX JAHHOH KHHIH, TO Go/iblue ero o6CyxAaTh He OyJen.

3
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[.9. Hpariwra Xvupa

UHECMOTDH la TO ¥IC adulas 1podaeMa CLeHKH OTHOCHTRIBHLX SHEp-
1111 Beex f”lL-coa::’rommi'z KOHGHTY PaitHY CTOMHA M BLIXCKIT 33 paM-
hIT RAHHOH KIiHTH, BCE JKC CYUIECTRYCT PAX B OCHOBIOM 3MIHPHUCCKHX
IIPABHA, KOTOPLIE MOTYT NOACKA3&IL, KAKOC COCMOAHue GYIET OCHO8-
Hul, T. €. Haubogee crabuakabia. 1la camow nedse ecTs N0CTATOUHBIE
[COpETHYECKHE OOOCHOBAHNA 3MHX MPaBUI (KOTOPbie, OAHAKO, He GyivT
LICCh PACCMOTPENDI), NOITECP/KIMOUIHG, YTO OHH TaK Ke ,Hagle};{H!-:{
hdK T cama cxeMa LS-s3anmofeficTust. JpyramMu cioBaMy, B TOM ey’
A€, KOrfia napywaiorcs npapuda XyHA3, HeIb3s TOBOPHTL o 25+1[.
COCTOHHMAX. T4 NPaBHAa 3AKMOUAIOTCH B CASAYIOMEM:

I. Ocul{omzoe COCTOAIHME BCEIfla HMEeT CaMOe BBICOKO 3HaueHHe
U [THHOBOH MYJ/JIbBTHIICTHOCTH.

2. EciiH HCCKOABKO COCTOSHHIE HMGIOT OAHHAKOBYIO HAUDBBHICIL VIO
{ TRHCBYIO MY TbTHIACTHOCT, HABGOACE CTACHABHBIM GYACT TO, KO10poe
iveeT camoe GoJbLIoE 3Nducune I, ’

3. 3HepruH nogcociosimit (y 1\ T BOAPACTATE C poctom J 18 CocTodA-
HHSL, HOJYYCHHOTO H3 I\'OII(l]['II}[JdiLIIIi VPOBINA, JUMOMTCHIIOrO Metee
EM HIANONOBAKY] MOPALOK ONCOCTOMI 06PaTHbL, eCaH ypoBelih 3a-
HOJHEN Gojce YyeM HANOJOBHHY.

Tepeoe npapuio XyHAa yrKe GLINO HCTOMIb3OBANO B HECKOALKO HHON
()0pMe NpH PAcCMOTPEHKH KONQHTYDPALHMH MHOTOSNIEKTPOHHSIX ATOMOB
(¢, pazd. 1.6). B obwbivioM BHIC ONO yTBEpHIAAET TOABKO %0, UTO JA
NP -KOHQUIYPAHE 3P-COCTOSHUE ARHETCS OCHOBHBIM. ﬂﬂﬁlndg-KOH-
(HIrypanun nepsoe npasuao XyHAa yTEEPKAAET, YTO OCHOBEBIM COCTON-
HHEM MOMET ObiTh TG0 *F, auBo *P; BTopee npasuio XyHAaa Touio
onpefenser *F Kak OCHOBHOE COCTOAHEE.

CaIefyeT OTMETHTL, W10 MpaBuia NYHI4 OBLIYLO NPUMCHUMBL TOMb-
hO LT51 ONPEACAENHA OCHOBHOTO coctonnuy Onu B o0IeM el pHroHbL
ISl ONpeJeneHNE OpAIKa JAPYTHA COCTOAHNI.

-
f.10. OpdnTaan R MHOPOOIERTPOMHBIX ATOMAX

M3 npempuiymero Buino, Kak sJekTpoHibe KOHQBTI'YPAUKH MHOFO-
3.JEKTPOHHLIX aTOMOB MOMKHO IIOCTPOHTD [YTEM SAHCAIEHHS] COOTBET-
CTBYIOUIEFO YHC/A BOAOPOACTOAOOHIX opbuTaneit B mopsixe Bo3pacTa-
JHA SHCPPHH H B COTAACKHH ¢ NPHHLKAOM uckmouernus. KpaTko yxe Gbl-
N6 orvedeHo (crp. 34), uTO Ha KaKAYW M3 3THX OpOHTafell BAMSIOT
S/ICKTPOHBI, 33HUMAIOLAE KPYrie OPOHTANH, U OTMEYANUCh HEKOTOpLIE
H3MEHENHA B OTHOCHTENBLHLIX JHEPTHAX OpOuTaleill, 06YCNOBJEHHLIE
HBJIEUHAMH BlieRDeHUs (B3auMOnpOHHKailks). B panHoM paspese st
ABJEIHA OyAYT PACCMOTpEHBI HECKOJEKO NOApofHee.
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Kak 6110 YEa3ano B o6y IeHNH, KacaomeMcs ypasuendi (1.19)—
(1.22), BosHOBEle GYHKUHH AIA BOACPOAOTIONOGHEIX opburatel sBidA-
10TCA TIPOUSBEICHASMH PASUANEHOR QYHEIUH R U ABYX YIJIOBHX QyHK-
nuit @ 1 @. Paccuorpun aBe nocaeduue pyHKIHME, KOTOPhIE 3aBUCAT OT
KBAHTOBLIX UHCEA [ M 712,, UTO Ompeiessier THIl OPOHTAMH, T. €. Py, Py,
P2y dyy, G2 B T. A, DTH XapakTepucTHuecKne yriosuie (yHKUHH, Kak
MOMKHO IDEANOJIOKHTE, ABIAIOTCH HHBAPHAUTHRIME B NPHCYTCTBHH
SNEKTPOHCB Ra Apyrudx opburanax. OEHAKO HaliyHe MIEKrPOHA Ha
ONHOH OPOWTANIM OKA3HIBAET BJIHSHHC HA DARHANbHYI (QYHKIMIO BCeX
Apyrux opburajel aroMa, Tak KaK KaikJas pajHaipias BONHOBAH
yHKIMST 3aBHCHT OT 5xpeKTHBROrO 3apsja sxpa (oM. Taba. 1.1} u B3a-
KHMHOe [pOHUKaHue opOuTajeli NPHBOAHT K TOMY, 4TO 3ace/eHHEe
onHofi OpbuTanN BiHSEeT Ha 5(heKTHBHLIA ARepHBIA 3apsAX Adast APYTHX
opOuraneii.

STOT XON paccyxjIesn# npuBes XaprpH K paspaboTke MeToAa pac-
uera pagMalNbLHLIX BOJAHOBBIX (yNKLME 1A opbuTaliefl B MHOTO/IEKT-
pouHeX aromax. Meron XapTpH -- 370 HTepauBOHHBIH METOX, B KOTO-
poM cHauana sanaerca HaGop PaJHATbHBIX BOJHOBHIX (YHRUMA RIS
Kaxaoll 3aeaToil opfrTand atoMa, 3aTeMm A8 KaxA0d OpOHTAIH BhIYHC-
nsieTcA HOBasi pajHanbHas (YHKIHS 5J€KTPOHA HA 3TOH oplmraday,
EBAKYUIErocs B I0Je, CO3NABAEMOM SJAPOM H BCEMM LPYTHMH 2/€KTPO-
HaMH, HaXONSIUMKCS Ha TPEeANONOKEHHBIX (FHIOTETHYECKHX) opdura-
nax. B pezynbrate BCE oCTRNbHBIE DaldHadbHbe (QYHKUHMH HECKOJBKO
U3MeHAOTCH, o0pasys HOBBI HaGop, XOTOpLIH ABAAETCH MYUILHM NPH-
GHKeHHEM, YeM paaHalbihie PyHKnuE nepsoro nabopa. Hanee cHosa
BBHIUHC/IAIOT PANAATbHYI0 QYHKLEHIO JnA Kaxnofl opOHTad, HCOAb3YA
none, €o3jagaevoe SAPOM U BTOPHIM HaGopoM pPafMaibHBIX (yHK-
it opGuranefl BCeX JApPYrUX SAEKTPoHOB. TaxHM ofpasom, mojay-
qaeTcsl TPeTHIl, eile JyYiunil HAaGop paguaibHLIX BOMTHOBLIX QYHKLME.
1y ollepaUHH TNOBTOPAIOT MHOTO pas Ao TeX nop, MoKa (yHKUHU B
n-M Habope GyAYT HHYTOKHO Masio OTIHYHME! OT DYHKUMH B A-—1-M Ha-
Gope. TlonyueHHble TaKMM 06pa3oM CaMOCOT/IacoBaHHble QyHKUHHA, VM-
HOXEHHBIE H3 COOTBETCTBYIGLIHME YIACBble (YVHKLHE aToMa BOAOPCAR,
© 1 O, naswBaioTca gpbumnarimy_no Xapmpu.

JanoHeliluee yay4iIEHHe, KOTOPOE fe DYACT PACCMOTPEHO AETANBHO,
JOJKKEO BKJIOYaTh DpolieccH ofMeHa 3Hepriuil, KOTOphe H3MEHAITCS C
naMeHeHHeM paldalbHEIX BOJHOBHIX dyHriui. OpOurant, nojyueHHbie
TaKdM C10coBOM, HA3LBAOT opbumaramnu no Xapmpu — Poxy. Ounu
AAI0T HAHJYYILEe ONUCAHYE PACTIPEREHEHHH SAEKTPOHOB B MHOTOBJIEKT-
POHHBEIX aTOMaX, KOTOPOe MOJKHGC NOJYYKTh B MIpefielaX MAaKCHMaqhHOFO
DpHGAHKENNA K HCTHINON 3JeKTpoHHOH Kordurypaind. OHH Takxke
JZIOT HaUJYUIYi0 OTAPARHYIO TOYKY A1 BRIMAC/AEHUR BeIMUHHBI Iepe-
KDLIBAHMA opOuTanell B XMMHUECKHX cBA3AX (cM. CTp. 91}
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1.11. liorcHnuandsl MOHUBAMUM 1L DACPIHH NOHIIBATIIL :

Ecan NpRAGKHTL JHCPrHI0, JOCTaTOUHYIO LAs TOro, 4ToOBl JIPOH3-
pectd HeoOXonHMyo pafoTy, TO BCCIA MOMKHO OTAGIHTH OAHWH HJAH
foJiee 3ACKTPOROB OT aTOMa, HOHa MU MOJery 5. MHHHManbHAR sHEp-
rud, HeoODXonHMMas EAfA VIAJCHHS 3TeKTPOHA H3 4TOMA, HOKA HIAH MO-
nekynnt 03 cooflleHus KaXkIOMYy H3 HHX KHHCTHUECKOH SHEpPTHM, Ha-
IBIBAGTCH HOMEHUuaIoM uonduaanut. Jlna RaHHOrc aTtova, WOHA HJH
MOJIeKY/bl SHCPTHA, TecOXOAHMAEH NI1R yhaJerus TePBOTO 3MeKTPOHE,
HA3pIBEeTCA NEePRBIM NOTEHIHAAOM HOHH3aLMH H T. A. Otmerum, yro
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P uc. 1,11, H3vexerne NepBEIX HOTEHIBANOB HOHHAAEH B 3ABHCEMOCTE OT
HOPAAKOBHE HOMEDOB HIEMEHTOB.

nepeulfi TOTEHNUAN MoHM3auwd, cKaxeM Cl}, Takofl ®e, Kak BTropol
noterudan Horuzanuu Cl,. TTo onpenenenuio aseebpautieckue 3naru acex
UOHUBALHOHHBIX NOMBHYUGI08 noA0xcumenstsl. J1As1 o0o3HAUEHHSA MO-
TEHIHAMA HOHHSALRH OOHIYHO HCHOJIR3VIOT GVKBY 1. .

[lepsrie MOTEHUHAL HOHU3ELMH JIEMEHTOB, KAK NOKA3a8HO Ha
puc. 1.11, MeHflOTCA B 3aBHCHMOCTH OT MMOJOKEHHH 2J1eMeNTa B Iiepuo-
Auueckoll Tabnuie. 3a HCKIIOYEHHEM PTYTH, BCe MAKCHMYMBI Ha KpH-
BOH KaGII01AI0TCS A5 HHEPTHHIX ra3oB u Bee Gonee TIYOOKHE MUHH-
MYMBl BJS IGETOYHBIX METANNOB. JTH (JAKTH CBUACTEILCTBYIOT O TOM,
4TO 3AMKHVYTHIE KOH(HIypansd HHeDTHHLIX TIasoB Haubojee TPYAHO
PA3pYUIHTh HyTeM yJaneHHs 3JeKTPOHa, Torfa KaK OJHHOUHLIN 3JeKT-
pOH, paclofoXeHHbIH BHe KOHGUI'YPAUWH KHEPTHOTO rasa (¥To OTaAR-
yaeT aTOMbl BCEX IIEJICHHBIX METaJIOB) VAARAETCH OUEHL Jerko. Kpome
TOr'G, XOTS W CYHIECTBYIOT OTKJONEHHSA, [IOTeHUHANL! KPYTO BO3PACTAIOT
TPH Nepexole OT HIEOYHOro MeTamia K CAelyomeMy HIepTHOMY rasy.
3TH nRaHHBe MOKHO OGBACHNTh, VUHTHIBAN 3SKPAaHEPOBAHHE ONHOIO
SJEKTPOHA APYTHMA,




48, TAABA

TTpu nepexojie, HAmpumep, oT HATPHA C 3apsjoM siapa K aprowy
¢ 3apanoMm sapa 18 Bce BoceMmb 3JCKTPOHOB, KOTOpPbIE noGasasiores,
GyAyT HAXORHTHCA B ORHOM H TOM XK€ 3ACKTPOHHOM cnoe, J1OCKOAbKY
painajbibie BOJHOBHE (YHKUKH BCCX EKTPOHOB ORHOTC CNOSA fAB/A-
I0TCA HAM OZMHAKOBEIMH, WM OueHs OJH3IKHMMH, HH OJHH H3 3JEKTpO-
HOB He NPOBOIUT MHOI'O BP@MEHH B NPOCTPANCTEE MRXIY AADOM H THOGBIM
IPYTHM 3JeKTPOHOM.

CilefioBaTesibHO, CTENEHbL, C KOTOPOH 3TH IEKTPOHH 3KRAHHAPYIOT
APYT ApYyra BCJAEICTBHE FIOCTCNCHHOro BO3pacTauus 3apsjna #ipa, le-
Benuka. Hanpumep, sQPeKTHBHbI 3aps slpa ANA 3S-3JEKTPOHE B
aToMe HaTpus COCTaBlfel ~2, B TO BPEMs Kak 3TOF ke 3apal pad s-
WIH p-3A€KTPOHOB B aprouc paseH ~6,7. 7o cymecrsenno Géapwas
yIepKHBaIOLlas CHIA, KOTOpad oOOYyCJIOBJKBAET 3nauuTesbio Oojee
NpPOYHOE €BALIBAHNE 3JCKTPGHOB.

Jns DaHHOrO aTOMa NOTEHUHANH HOHH3AUHH BCEr/la yBenHiHBalTCa
B caenyowen nopagke: J <l <ly=C...<ll,. D10, 04eBHIHO, 00YCHOB-
JIENG TeM, TG yaJeHHe OTPHUATEeIbIOTO 3apaid OT HaCTHUE! C 3APAROM
B+ {k=0, 1, 2...) J0DKHO UPOHCXOIHTL NETYE, UeM yianese oTpHila-
TeNLHOTO 3apsAAa OT ACHoOHOi CUCTeMb € 3apsanoM (& 1)+ wid ewme
G0JIbIIHN,

1.12. Cponcereo K B3IeRTpORY
4

Boobiuie BO3MOKEO TAKKE H UPHCOCIHHCHUE RONOAHHTCIPROTO MeK-
TPOHA K AOBOMY TOMY, HOHY WK MOJACKYJC. SHCPrulo, Koropad evide-
Afemes TIPH 3TOM fIPOUECce, HASBIBAIOT CPOACINGOM K 3AEKMPOHY COOT-
BeTCTBYIOUIETG ATOMA, HOHa HJIH MONEKYJbl M 0003Haual0T OOBIYHO
yepes A. CaepyeT OTMETHTL, YTO 3HAK CPOJCTBA MO YCHOBHIO NPOTHBO-
HONOMKEH 3HAKY NOTEHUHANA HOHH3allHH, H 3TC OnNpele/eHHe CPONCTBA
K SNEKTPOHY ABJACTCA HACTOJLKO YCTAHOBHMBUIMMCSH, YTO erc cJelyer
NPUHATE TAKHM, KAKAM oxO AaHo. OTpPHHATENRLHOE CDOACTEO K RKT-
POHY BCE e H3BECTI0 — 3T0 HabmFACTCs TOMAA, KOrla paccMaTpHuBae-
MH® UaCTHIH (3TOMB, MOJEKYAH W T. A.) «H¢ XOIRT» JONOARMTCIBHOIS
5/€KTPOHA, & UX BHIHYXAAWOT Npudate ero. Ho vauboaee nHTEpeCcHH Te
cllyyaH, KOrAa CPOACTBO K 3JEKTPONY ROJOMKHTEIbHO.

B rabn. 1.3 npuBeieHbl HeXOTopble XapaKTepHble BEJHYWHB! CPCA-
cTBa K aaexkTpoRY. OTaerum, uto Bo MHOFMX CAyYasx TOUHOCTL ITHX
aiauendil HH3Kad. CBA3EHO 370 C TeM, YTO B OT/IHYHE OT NOTEHILHAJIOR
HOHU33LUK, KOTOPHE OOBYHO H3MepsIOT HENOCPEACTBEHHO CHCKTPOCKO-
IHYECKH, CPOICTBO K 3JIEKTPOHY H3MEPSIOT MeHee TOUHbIMI, HaCTO KOoC-
EBEHHBIMH METONAMMY.

Tanoreusl WMEIOT CaMOE@ BLICOKOC CPOACTBO K JIEKTROUY — ABJE-
fiHe, KOTOPOe MOIIO OOBSICHHTD TEM, UTO IPK FOOABNCHHH OHOTO 3JIEKT-
pOHA OHH MPHOOPETAIOT BAKOIUEHHYIO BZHEKTPOHHYIO KOHPHTYDAuHIo
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TatGauya 1.3
CpoicTBo K 3MEKTPOHY HeKOTODPHIX aToMoB (38)

H 0,747¢ N —~—0, 1"

F 3,450 5 2,072

i 3.619 L 0,54

Br 3,36 Na 0,742

1 3,068 Be ~—0,6

0 1,478 Mg ~—(,3
2Skinner H. A, Pritehard H. Q. TFrans, Faraday Soe , 49, 1254 (1953).

EBerry R S,Riemaunn G W, J Chem Phys., 3§, 1540 (1963}
Branscemb L. M., Nature, 182, 248 {1958),

"Ginsburg A P, Miller J. M. J Inorg. Nuct Chem., 7, 351 (§1958).

ABranscombd L. M., Smith & J,J. Chem. I'hys., 25, 598 (1956).

HHeprioro rasa, [lesounbie MeTamnsl, KOTOpPBIE He 0YeHb CHIBHO YICp-
JKHBAWOT CCOH BHEHINi 3N€KTPOH, MMCIOT OYeHb HHU3KOe CPOICTBO K
INEKTPOHY: ~ |7 KKaafc-amoM [Uis HATPUA H BOUGPOAA H, BEPOATIO,
GaHaKoe K Hymo AaA ApyrHX. Jlas Geprliaus u MarHHs yCTaHoBje-
1o HeGosbyIoe OTPHLATENLHOE CPOACTBO K 3JEKTPORY.

Kax MOXHO ObITO 0MHR4Th, BeTHMHHBI CPOACTBA ATOMOB KO BTO-
pomy saerrponty (nanpumep, O +e=0?"), HacKONbKO H3BCCTHO, BCE
CTPHUATENABHBI. JT0 CBS3AHO C TeM, YTO BTOPO 3/IEKTPOl HCILITHIBAET
JEKTPOCTATHYECKOE OTTANKHBAHHE OTPHUATENBHOrO 3apsja HoOHA.
Hakonen, crenyeT OTMETHTD, UTO CPOJCTBO ATOMA K 5/€KTPORHY YHCJNEH-
HO P4BHO NOTEHUHATY HOHH3AIKME COOTBETCTBYIOHIErO aliHOHA.

Beuio onpegeseno rakxke cpolerso K 3JEKTPOHY HEKOTOPHIX nepe-
Xoauuix merataos [21; aodoro, xotopoe, kak mapectHo, o6pasyer co-
cannenne Cs* Ay~ , BMeer 3Havenue CPOACIBA K IEKTPONY OKONO 2,2 98,

B TO IBpeMFI kKak Ag, Cu, Pd u Pt uyeror 3Havedus cpoacTBa He MeHee
yem 1 886.
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2

MPHPOJA
HOHHbIX COETUHEHH I

2.1. Brenenne

TIpBunka TeCHOI0 KOHTAKTA aTOMOB, BEAYIIELTO K OGDA3CBAHHIO XHMH-
HECKWX COBINHERNH, 3aKII0UAETCH B TOM, WI0 TIPH CONMMKEHNHKR ATOMOB
HX 9JeKTpoHHble 00/aKka B3aHMOAEHCTBYIOT TAKKHM ofpasoM, uTO sHep-
T'HA ¢cHCTeMBl nOHEMXaeTcR. MoXHO TaxkiKe CKa3arTh, YTo B3aumojeficTaye
SRMACTCA TAKHM, UTO BRI3HIBALT CU/IBI IPHTHRKEHHA.

B nannoii riaBe §yAeT paccMOTpeH OMHH H3 MPOCTEHIIHX BRIAOB CHJ
TIPUTAXKEHHA, 2 EMEHHO SJEKTPOCTATHYECKOE NPHTSIKEHHE MEHKAY HO-
HaMK ¢ NPOTHBONOAXKHEIME 3apanamu. CymecTsyer GOABIIOE UHCAO
TBEPALIX COSZHHEKHI, KOTOPRE MOMKHO DAcCMaTPHBATL KAK OYeHb Tec-
Hoe cGO/HMKeHHe arperaroB NMOJOMHTEAbHEX H OTPHLATE&IBHLIX HOHOB,
B3aHMOREHCTBYIOIMX YHCTO 3JEKTpocTaTHYecKHM ofpasom. CHayana
PacCMOTPHM SHEPTETHKY TOMHOCTHI) WNOHHEIX BEIMECTB, TPEANONaras
CYIECTBOEAHEE OMNpPEReNeHHOr0 DacRONOKeHHs HOHOB B DeilieTKe, 4
3aTeM KaK pasJHYHEe THMH penleToK, BCTpeualoliyecs Haubojiee yacro,
Tak W Qaxtopsl, GrarolpuATCTBYIOILHE 00PA30BANKIO TOTQ HAM HHOLQ
THOA pelleTkd, W HajgHU¥e OTKJIOHEHHH OT KOHLEMUHH WIeaJkHOTD
FOHHOTO BEIIECTBa,

Bo/isUIHHCTBO HORHEIX coeuHesni 00pasyoTca nyTeM obbeiMHeHHS
3JEMEHTOB, PacloNOXKeHHEIX Y «[[POTHBONONOXKHEIX KOBHOBY IMePHOIH-
geckoil Tabnmubl. QGHYHO 5TO OKHCJH, CyAbGHIE HIH TanoTeHHIH
eKTPOROAOKHTE/IBHEX META/IOB, nofobunx MeraniaM I, I1 u III
FPYII MM NePeXONHBIX 371eMeRTOB, (BHHeH B COCTORHMM OKHCJIEHHA
-1l Takme oOpasyer Gofee UNH MeHEe HOHHLIE COMH, PaBHO Kak H
Goabirge okco-aHuous! —ClO7, COZ-, NO; u jp.— o6pasyior HOH-
HEE COMM CO MEBOTHMU HOBaMuU MeranioB. Ocuomlinie TpeGuBafHf npu
00pa3scBAHHH HOHHBIX COGJAHHEHMH, T. 8. TAKHX TREPJIBIX TeJ, KOTOPHE
COCTOAT H3 MHOMKECTBA MOJOMUTENLHBIX H OTPHLATE&IhHBIX HOHOB,
VEEPKUBAEMBIX BMecTe AOYTH HCK/MIOYMTEIbHO KYJOHOBCKHMH CH/IAMH
MEKIY NMPOTHBONOJIOKHO 3apSKEeHHBIMH HOHAMH, 3aKMOUYAloTcs B TOM,
YTO aTOMBI METAMA AQJIKHBL HMETh OTHOCHTENbHO HHAKHIA IoTeHuMals
HOHH3AUHK, a4 aTOMbL HeMeraJlJIoB HJAH pajHKaibi — CPABHHTEALHO
BEICOKQE CPOACTBO K SJEKTPOHY. Boobille CPOACTBO K 3/EKTPOHY

L
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BHAYHTENBRO MENLILC, YeM [OTEHIIHAT MORKWSANRE, 10 JaXKe TOTa, KOTla
Pasuulte B STHX XAPAKICPHCTIKAN 1€ 0COGEHNO BeNWKO (HanpHep
CocTaBser ~2.5 kray e-amos vexy Cs u Cl) npu ofipazopaddn HOH-
HNEEX TBEPALIX Tefl, CreAYeT YMNTHIBATbL W APy THE dakrophl. AHANOrHY-
HO, BBIJLY TOYY YTO TPONCTBO KICTOPOIA K aJIeKTPOIY (B ¢1\uae LIPHOG-
PeTEHHS BYX JICKTPOHOB NpPH  oBPa30BAINH  OKUCTIGIO HOHA} §o
BEJIHUHNE OTIILATCTIBHD, Kaxeios }','IIIBIiTe"IbeI\I, HTO CIOTH GOu'IIsIIIOQ
UHCIO OWRCMIOB SIBAAIOTCS HOHHBIMA., OFbCHENHC 3T0I0 W aHaOCHY-
HEX Qagtob OyAST UpuUBeleno B AaHHON Iiabe.

2.2, JNCpruk pemieToR MOUNLIX RpICTANIOR

B xauecTee upHmepa udeaasnoeo WOHHOTO BellecTsa PACcCMOTPUM
coeuncnne Tana (M) (X7) ¢ cootnowenmes Mt/XT=1:1, rae
A}:_cqyepnqecmij no (popMe, HeCHUMaeMblH KaTHON, ,L\Ha,'lof';{q;m
X7 — cdepnuccknii, Takme IeCKAMAeMbHl U HNEIoHLE OTPeIeCHTILIH
pasMep aHHOH. DTOT BMY, MONEJSH HA3bIEAECTCH OGLIYHO 3ICKTPOCTATH-
lIeCiipli ACHCTBIO C HCIOTL3IOBHITHEM HMECTKHX (:qbep.

Ecns takue Ka1mOULl M aHKOHB!I HAXOHSTC BecTe B SonLIMX |
PABHBIL  KOJHYECTBAX, OHU DACNOAATAIOTCA B CHCTEMATHUECKOM 110
pALKe, NPH KOTOPOM CTPEMSATCH 3aHATb MEHHMANBALIL OOBbEM U HMEOT
HAHMEHLLIYIO 3JEKTPOCTATHYECKYIO SHEDPTHIO. {3aBUCHMOCTD reoverpuau
STOTO LIOPANKA OT OTHOCHTE/BIBIX Pa3MEPOB IBYX HOHOB 06CYIKIAeTCH
wioxe.) TlpemnosioxumM, yto npuusaToe NPOCTPAHCTBEHHOE PaCIIOIQNKe-
Hie ABNIIETCA TAKAM, KAK MOKA34HO Ha pHe. 2.1, uTo npeicrapaser co-
OOH TRIl KpHCTaMIHYECKON PeIUETKH, YCFATOBICHHLI A1 XJ0pHaa
HaTpHs.

OGosuauny paccrosuue M—X uyepes r, Henonbaya puc, 2.1 u
POCTHIE TPHIOHOMETPHYCCKHE NPEACTABTCHUS, MOKHO NOKA3ATh. uTo
uon M* oKpysen wecreio Wonayyw X~ {amxafimue cocean) na, pac-
CTOANMH r, JBeHannateio uonaMH MYt (sTopuie Gnmmaimnie COCean)

e
11a paccTosHu V' 2r, Bocempio Gogee YAaneHnbiMg HoHaMu X na pac-
CTOSIHHK ]/Br, WECTLI0 Homamy M* Ha paccrosnnu 2r, aBazuatbio
YETBLIPLMA elig GONee VIANEHHEIMH HOoHaMH X~ Ha paccroanuu ) 5r
H T. 1. JHEPrHs 3AeKTPOCTATHUCCKOro B3aUMOJEHCTBHA Hona M+
C K&MJIBIM W3 COCEANHX MOIIOB PABIA NPOHIBEACHHIO 3aPHAA KANKIOTO
HOHa, Z* M Z7, NeNeHHOMY Ha PACCTOSEHE MeAacty "umun. Orcioga
OGHIYID 5N€KTPOCTATHYECKYIO BHEPIHI0 HOMOKHTENbHORO HOH& MOMKHO
3anNucaTth CACAVIOUINM 06pasoM:

Be? 12¢2 8¢? 2

E=22(Z4) (27)— 5 (Z7) 2 (2) (27) =5 (742
: 75 EP e @) (@) =5 @

_ ez 12 , 8 6, 24

HPHPOMA HOHHBIX COERMHEHWH 83

JleficTBUTeAbHO, HA CCHOBAHHH TEOMETPUHYECKNX CooOpameHHit MOXKHO
BHIBECTH OOILYIe hopMy.Iy ANA BceX wieHoB ypasmenus (2.1). Cymma
BCCX ITUX UAEHOB, T. e. cyMma BecKoneyHorg pajga, HadelBaeTed Nocmo-
annold Madeayrea., Houxpo ObITL fCHO, UTO 3HAYCHHE KOHCTAHThI
Manenyura ssageTca XAPaKTepUCTHKOH TeOMETPHUECKOre Paciojiomxe-
HUA H OO HE3ABHCHMO OF OTAENLHBIX UCHOB WK HX 3apsAoB (T. €. OHH
HOTYT HecTH W RBCAHOH M TpofHOH 3apAnut). ¥YTOMAHYTHIA PAN CXOMHT-
CA K 3navenuto 1,747558... 4 mMoner Gurb BLIUKCHEN ¢ JiofoH cTelleLIo
TounoctH. Bo MIOrHx ¢yuasx psj pacxoNHIcs, U JAA TAKHX CTPYKTYD

s
\\I

6/ﬁbl

@ S :

Py c. 2.1, CrpyrTypa Xnopuia HATPHS.

BEIYHCIENHE KoncrasT MajenyHra TpebyeT 3HAUMIeNLHBIX MATEMATH-
UCCKHX MaHHNYJASUHHA. Beiid BelMHCNEHL! KOUCTaHTel Majienyura ang
MHOTEX OOHI4HO BeTpeyaiompxca pewerok [11.

Ecan wmeercs monb (N HMOHHBIX nap) coefuuenus MX, To Torga
NE coOoTBeTCTBYeT 3HEPTHH TAKOro fipolecca:

M* () + X7 (r)=MX (18) (2.2)

310 COOTHOIIEHHE CNPABEINBO, TAK KAK €C/IH 3alHCaTh BbIpaKeHHe
IJISL 3JIeKTpoCTaTHUeCKOH 3HepTrUN HoHa X ™, TO OHO JOJIKHO COBNAaTh
c ypasuendeM (2.1). Ecin 106aBHTL sleKTpOCTaTHYECKUE SHEPIHH Ha
MOJtb KaXKZOTO HOHA, peayibrat OyJer BABoe Oojbllle AeACTBUTENLHOIM
3MEXTPOCTATHYECKOH SHEDTHH HA MOJb, TAK KaK B3aUMONeHCTBHe KakK-
Aol napel GyJeT HONCUMTHIBATHCA ABaMIbL Takmm obpasom, NE ecTe
3MIeKTPOCTATRYECKAA NOTEHIIHANLHAA SHEPTHA HA | MOJAL AJIA HOHHOIO
coeTMEeRHs co cTpyKrypoil NaCl np# ucno/ib30BaHHH MOJEMH XKECTKGH

ceptl,
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B momenu sxectkoit cepbl paccrosrne M+ —X " YCTAHABIHBARTCH
ho cymme pajuycor M* u X7 . H3specTHo, uro peanbuble aTOME Ee fB-
JAI0TCR HECTKHMH cdepaMH H MX PABHOBECHOE PACCTOSHHE B HOHHEIX
TBEPAHIX TeAaX AOJHKHO NOSTOMY OBITh CVIEJCTBHEM HEKOTOPOH KOPOTKO-
BEHCTRYIOEH CWJBl OTTANKUBARASA, OBYCIOBJEHHOH NepeKphHBaHHEM
HX 3/IEXTPOHHBIX 06NAKOB, KOTOpas HauMHaeT AeHCTBOBATH, KOMA aTo-
Mbl cOanzxaioTes. BopH clenan npoctoe gonyimenue, uto CHy oTTan-
XHBAHUA MEMIy ABYMA MOHAMH MOMEO INPEECTABHTH BhIDAXKEHHEM
B’/r*', rpe B’ ¥ n'— noCTOSiHHBIE, NOKA elle He OTpeHenedHnie H AB-
ASIIECH X2paKTePHBIMH /1A PACCMaTpHBaeMOH HOHHo# napel. Tlo-
STOMY R/ SHEPrAH OTTAAKHBAHMA OTAEJBLHOIO HOHA B KPHCTALIE MOXK-
HO HalHCaTh clefyloliee BhipaMeHHe:

B
Errane = pry (2.3)

rie B ceasano ¢ B’ reomerpueit kpucrania. Obuas 37eKTpocTaruyec-

Kas SHeprus KPHCTAMIA, T. €. COOCHBENHOR OMPUUAMEIoNAS HEPTHA
pewietky U Torpa paBHa

_N(@2ZH)(Z-)Ae NB

U=t 8e 20 (2.4)

rie A — nocrostsnas MagenyHra. 31a sweprus U Touno pasHa 9Hep-

THE DEAKUHH (Z2.2), eClIH PACCMOTPEHHBIE CHALl — €WHCTBEHHO AeHCT-

Byioulhe cuabl. CyUlecTRYeT COOTHOILEHHE MEXAY B U 1, KOTOpoe MOZKHO

ONpPEJEANT, eCclH HMEThb B BHAY, YTO NpPH PABHOBECHOM COCTOSHHH

KpHCTanaa (r=r,) Heprua Kax GyHKUHA OT ¢ HveeT MHHHMYM.
Taxwm ofpasom,

au n_.  AEZNYZ-)Net nNB
(?;‘)r:_{e_o__ r';} - :g'ﬂ. (2'5)
YTO NlaeT
B—_AUCNEDNE ey (2.6)

Tloactasass ypasrenne {2.6) B ypaBHenue (2.4), noayuwam
- + - 28 1
U=N(@Z)(Z )Ar—u-( —7) @.7)

Yucnopoe 3HaueHHE 7 MOMKHO NOAYYHTb H3 ASHHEIX H3MEPEHHA
CZKHMAEMOCTH TBEPAOrO TeMa, 8 MOKKO TaKke HafiTH W TEOpEeTHUECKH.
IKCNEPHMEHTANLHO MONYUEHHbE 3HAUCHHS M 3HaYEHHMS, BHUHC/MEHHbLE
TlonuHrom Ans HOHOB, MOJOGHLIX ATOMAM HHEPTHEIK Fas’oB, TPHBEIEHE!
B Taba. 2.1. Kak MOXHO 3aMeTHTh, 3KCAEPHMEHTANBHLIE 3HAHEHHA
A0CTATOYHO GNH3KH K CPeRHHM 3HAYEHHAM COOTBETCTBYIOHIHX TEOpeTH-
YECKHX BhiuMc/eHHH. ClellyeT OTMETHTb, 4TO, AAXe eCHH HCMIOIb3VeMoe
BHAYEHHE N H3MEHAETCS Ha |, BelMUHHA SHEPTHH PEUIeTKH OTKJO-
HAETCA JHWb Ha 1—2%.

NPUPORA WOHHBIX COEIMHEHUN 5

' ' Tabauya 2.1
- Dipuvepsl aHaueBHA 7 ' ol

Onpeacnenbl SKCHCPHMEH 1d ThHL BLiaHeIeHR TeopCTHUCCKN

KOMDHTY pallid  HOHA,
cocanHeRIie n e In0HAR mondiy pa n

LHH WHCEPTHODO Tada

|

LiF 5,9 He 5
Licl 8,0 Ne 7
LiBr 8,7 Ar 9
NaCl 91 Kr 10
NaBr 4,5 Xe 12

TIpy OueHb TOYHBIX BLIYHCACHHAX TPeGYIOTCA HEKOTOpLE NOTpaBoY-
Hbie KOS(pHLIHeH1bl, TAK KaK ) paBHeHHe {2.4) He YUMTHIBAET APYFUX
BTOpOCICIIEHEBIX cul. CVIIeCTBYIOT TPH OCHOBHBIX Cnocofa yTOYHEHHS
BHIYHCJICHHH!

1. Yuem eandepoaaascosux cui. BaniepsaaibCoBbt CHIBL TeficTBYIOT
MEMLY BCEMH aTOMAMH, HOHAMK HJH MOJAEKYAaMH, HO OHH OTHOCHTENLHO
cabel. IIH CHIBL ABAAIOTCA PE3YAbTATOM NPHTAMEHHH MEXAY OCUHJI-
NYPYIOIMME JHNIOJAMH COCE/IHHX aTOMOB H H3MEHRIOTCA npHOIU3H-
1e0bHO Kax 1/7% VX MOMHO BHIUHCANTE H3 MOJIAPH3YEMOCTH U TIOTeH1HA-
J0B HOHH3ALMH ATOMOB WM HOHOB.

2. Hcnoasaosatue 6oaee cmpozo20 GbLpAXCERUA 0Af IHEpUU OMMan-
kusarus. Ilpoctoe Bupamenne Bopua [ypaskenue (2.3)] wia sveprun
OTTAJKHBAHUA He CIHWIIKOM CTPOTO, €CAH HCXOAHTh H3 KBAHTOBOMEXE-
HuyeckHX coobpaxennii. Oanarko Oonee YTOUHEHHLIE BhIpaKeHHA H3-
MEHSIOT PE3Y/bT21bl HE3HAUUTENBHO.

3. PaccMompenue «anepeuil Hyaeeol moyKki» Kpucmaaig. «JHepraf
HYJEBOH TOMKH» KpDHCTanna — 3TO TaKas 3HEPrHA KoneGaHHil HOHOB,
KOTOpOH Kprerann obnanaer Aaxe npH abcomoTHOM Hyae. Ee MoxHO
BLIUHCIKTL H3 4YacToT KoaeGasBHii peuieTkH.

Tabauya 2.2
KoMmoHedTH SHEprif peiietky (as)
Bueprun LaF Natl Csl
Ky nonoBekoe B3aHMODRHCTEHE —12,4 —8,92 —b6,4
{OTTANKKHBAHHE +1.,9 1,03 0,63
Bd4HICPRAAIBCOELL CHJBI —0,17 —0,i3 —0,48
SHeprua HyJIesojl TOUKH +0,17 +0,08 +0.3
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Haunee, npusBexeHuble B Tabn. 2.2, YKa3uBAOT HAa OTHOCHTENb-
HYIO BakHOCTb Pa3JIAYHRIX BKJAHOB B 2HEPFHID PEIIETKH.

Drigicienve sHepFn#fi PEIETOX MONHBIX CORAMHEHHA HMEeT OYeiib
foNblIoe 3HaUeHHe, TAK KAK B O0ILEM HET ApIMO20 CocoBa HX SKCNepH-
MEHTAJBHOTO ONpeliefieHys, XOFA STH BeNHUAHBI MOMNKHO NOJYYHTH H3
HEKOTOPHIX OMBITHHIX JAHHBEIX € HCNOb3oBanues liukj1a hopna — I'age-
pa, Korophiii oficviaaerce Hrxe, Hampemep, Tenmnora napoobpa3ona-
nus NaCl He Azer SHEPTMIO PEIleTKH, TAK KAk BHAOTL AO CaMbiX BLICO-
KHX TEMIEpPATyp, MPH KOTOPLIX MOXHO JeaaTh TOUHLIE H3MepeHus,
rasoBas (asa cocTont i3 MoteKyss NaCl (134 HOHHLIX 1ap}, H 10 Hacros-
UIETO BPeMeRH He YAa10Ch JOOMTHCA TOUIOI O Olipe e e HusT 1e/10ThE JHG-
conuanuy NaCl(r) na Na+(r) u Cl™ (r), rak xak NaCl (r) oGbiuno auc-
COUMEpPYET TakkKe W HA aTOMH.

2.3. Ilura Bopua — TaGepa

TensoTel 06pa30BAHEA DAINMUHBIX HOHHHX coefuHeHudl paz;iHua-
10T ypesBuiuaiino cuisHo M3 odiux coobpaxkeHHil H3BECTHO, YTO B
ofimyw TenaoTy o0pasoBaMNR BROCAT CBoll BKNan MHOTHe (hakTopE!, 4
HMENHO TIOTEHUHaTEl HOHH3alUHH, CPOACTBO K IIEKTPOHY, TENJIOTh
HCTIaPeHHsI H AHCCOMMALKH 3MEMeHTOB B CBOGOJAHOM BHAE H HEPTR:
pelwetkn coeputedud. Llgxa Bopua — [alepa — 7m0 TepMoguuanu-
yeCKHH WUKA, KoTophiil MOK23HBaeT B3aUMOOTHOUIEHHe BCeX STHX BenH-
UHH H NO3BOJIAET HOHATH, KAK H3MEHERNS B TENIOTAX OOPA3CBAHNA MO-
IyT 66ITb CBA3AHE ¢ H3MEHEHHEM ITHX XapaKTePHBIX (paxTopos. HTo6ht
nocrpoutk Luxa DBopaa — Tabepa, paccmoTpuM CAefVIOUIHE TepMORH-
Hal\éKIIQCKHB yDapHeHHA, NPHYEM B KAyecTBe MPHMEPA HCROAB3YEM
NaCl:

Na(t8)=Na(r) A cygy (Na)
Na(ry=Nat+ () e~ s
13 Cly (0)=Cl (r) Yo AH gyee (Cly)
Cl(r)-Fe~=Cl- (1) —Ae
Nat (r)--Cl~ (F}=NaCl {18) U

Na (18} 1/, Cl; {r) = NaCl (t5) A 55, {NaCh)

Ofiiee HsMeHeHMe, BBIPAXKEHHOE NOCNEIHHM YPABHEHHEM, MOXKHO
NOAYYKTH, €CAH MOCACAOBATENDHO NPOATH NATL NPERLEYWMX CTajui,
KaK BOKa3aHo Ha pHe. 2.2, KOTOpbI M JA€T IpeACTabBieHHe © HHKJIE
Bopua — Tabepa.

DHePrHH B3aUMOCBA3AHE MeX1y Co0ofl ypaBHelHeM

AHQ&P:AHW&W +1+1I‘IAHaa:c_ACl‘{"U (28]

I
|
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1inxn Bopna — [afepa ucnonnayioT Ans BHMUCAeRHA Mobod BERWH-
Hbl, BXofisuieli B ypaBHesue (2.8), korjaa Bce ApyrHe H3BECTHHl, HAH 113
NpCBEPKH BHYTPEHHErO COOTBETCTBHS #ONHOrO Habopa 3THX BeNHYHH.
Kak npaBuao, ussecThol A g, AH . [ n AH .. HenocpescT-
BeHHOE H3MEpPEHHE CPOACTBA K 3JEKTPOHY OfBYNC HOBOJILHO COKHO, H
TOUHBIE 3HaueHus CLlIR DONYYEHH TOABKO AR Tajsoreyob. B stux cay-
uaax LUK MOXAOQ KCHO/IB30BATE LIS IPOBEPKH PAcCUHTAHHKIX HHEPIHH
PEIIETOK, KOTOphIe, KaK GhiTO yCTalnoBMIeHo, eC.TH cheiaTh Bee npectpa-
80BaHHs, ABAAKTCE BIOJie ToudblMH. Tak, BuluHcAaeHHas snepria pe-
wretky NaCl pasta 7,94 28, a 3Hayenne, 1oJy YeHHOe B3 UHKIa bopHa —

1 A4y
Nafte)+ gClyfr) =—=—— NaCK1a)

AdeE.n id Hﬁ.ﬂcc U

Ay 7 N
Cl{1} =—tlom CI{C)+Na'tr)

Y

Na(r)

IN'.I
P r ¢, 2.2, Iluga Bopra — Tabepa ana NaCl.

Tatepa, cocrapaser 7,86 a6 — pasuuua ~ [ % . [ToCKoABKY HMeetcs BO3-
MOMKHOCTE TaKHX NMPOBEPOK, JAIOIMX YBEPEHHOCTb B TOUHOCTH BBIMHC-
felnA sHeprull pemiercy, MUK ofbuRO WCROARZYIOT AR OnpeAeteHHs
CPOACTBA K 3exTpony. IlanprMep, CpOACTBO K 3/ieKTPOHY KMCAOPOAa —
cUeHp BajKHadA BeIMUMHA, KOTOPas He MexeT Oblfb H3Mepelia Hemotpeld-
CTBENHO X051 6bl IG10MY, NTO ABNACTCA BHICOKOOTPHLLATEBHOM, 4 HMEH-
HO — 7,3 26. F70 3HaueHUe GAI0 PACCHHTARO TIPH MOMOWIH LMK BOP-
na — lafdepa, NPUMEHEHHOTO K PASNAYHBIM MOHHLIM OKHCNAM,

Lnkn Bopra — TIaGepa Takie leHen Kak crnocol aHannsa H KOppe:
JALEA B3MEHeHHY CTaGHIBHOCTH pasiuvyHblX HOHFBIX coenunenyii. Tax,
OH A2ET BO3MOMHOCTH 00BACHATH, novemy MgO — craCuibHoe HOHHOE
coequHeinne, XoTa Houbl Mgt u O 06pasyioTca 3HROTEpPMHUECKH, HE
TOBOPSA YIKE O SHAUUTEALHDLIX SHEPTHAK, HEOHXOMHUMBIX AIs HCMApEeHH
Mg (B} 1 tuccounaunn O, (r). AH,s, BHICOKOOTPHLATE/NbHAE, HECMOTPA
Ha 3TH NPOTABOIGIOAHEIE TEIAERRIHY, Ta¥ KAK 5SHEDPTHA DeieTry MgQO
60TbLIE, YeM 3T0 11e06X0LAMO AN KOMMEHCALHE 9THX POUECCOB.

Lukn BopHa — I'abepa mo3posiseT BOHSATL, KpoMe TOrQ, MOUYEMY
GOLUTHHCTEO METANJAOB He o0pasyioT cralujpHBIX HOHHBIX coellHe:
HHii B HMBKOBAJEHTIIOM COCTORHMHM (Hanpumep, MnCl, CaCl, AlO ¥
T. &.). Pacemorpum metann M, umewnimfi nepByw K BTOpyio SHEPrUH

L
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Houusanuu 160 # 300 xxaa/mO46 COOTBETCTBEHHO (IOBONLHO THRHUHEE
sHaueHus). [IpeInonoxkumM, uTe sTOT ameramn obpasver xfiopuz MCl,
co cTpykTypol dmrocopura (cm. cTp. 66), W mpeamoaoKHM, UTC MOHO-
XJACPH gomen mMets crpykTypy NaCl, I1g npoctorsl BpEMeEM, uTa
ot = Iaes ~ 1,00 A, xora, Koneuno, noH M+ JomkeH 6biTk GoNbilg,
uen M2 @ 910 K TOMY e YMEHLIWIo Gw sHepruto pewerkd MCI.
Oasa coegunennit MCl u MCl, unkau Bopua — TaBepa apaswTes ¢le-
JIYIOINE:

Mol vl
SIS HE, SHEPrHA,
PeakriHa Kl MO pearnid KRQ1iMpie
1} M (18) =M (1) AH s | M(mR)—M(D) AHeyga
2) M(r)=M+ (r)+e” 160 M (r)= M2+ (1)~ 2" 460
3) 1, Cl, (1) =Cl (1) 29 Cl, {r}=2Cl (1) 58
4) Cl(r) e~ =Cl~ (1) —87 2Ci (r) 2~ =2C1™ (r) —174
5 Mt (0)4-C1~ (1) = 184 M2+ (1) - 2C1 ™ (r) = —1061
= MCI {18) = MCl, (18)
5) MiTe) + Y Cly{ry=MCl{TE} — B2 +‘3Hcyﬁ1 Wogra)~Cl, {ry=MCI, (TE) —?IT-{-AHL_Y&‘I
2 BpyiefieHO € HCAONLIOBAHHEM KOHCTAHT Magenvira 1,748 ® 3,039 AN CTRPYRTYP
NaCl 1 CaF,; ¢0OTBETCTBENHG, NDH ro]-~=1,31 & 0 1 (sKcncnenTs BopHa) ~ 9.

UMa uuxaa suaHo, 9TO B To Bpess Kak sHepruu pearumil (1) — (4)
aag MCl fiaroT sulurpuin 242 kkaa/moas N0 CPaBHEHHIO ¢ PEAKUMAME I
MCl,, 3T0 MOABOCTHIC KOMIEHCHPYETCH TeM, TG SHePTHA DeilleTKH JJjif
MCl, naer puurpenn 877 kxkaa/soae. VM3 npupeleHHLIX BHUUE JAHHBIX
MOXKHO CAEaTh BEIBOJ, UTO ANSl peakliui

IMCl 15y = MCla 1+ M (1) (2.9)
AH ==—383— AH ¢y54 kRO M0

2.4, Jipyrne TepMOIMHAVHYECKHE NHRITHI: SHEPTHH TIRIpaTALHE
H CBA3LIBAHUA '
] |
HecmoTpst Ha 70 UTO 374 TéMa He ABJSAETCS 4acThio oflledl TEOPUH
HOHHLIX TBEPALEX TeJ, OHa J0 HEKOTOPOH CTeneHH cBA3ana ¢ oliuen Teo-
pHeH 1 ee YAOGHO H3JIGMMHTL 3J€Ch, TaK KaK Apyrie TeprMOJHHaMAYEC.
KHe, KB B TMPHHIKDE NOXOKY, HA LMK BopHa — abepa. Mx

———
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nejs — MOMOYb ONEHHTh SHEPrHH NpOLeCccoB, KOTOPLIE HEAL3S H3Me-
PHUTH IKCNEPHMEHTAABLHO HIIM BHIYHC/THTh TEOPETHYECKH, MYTEM COOTBeT-
CTBYIOINETO KOMOYHUPOBAHHS pe3y.rbTATOB APYTHX H3MEPEHHH M BHI-
YHCNeH .

SHeprHio HAPATALHYE HOHA ONPEIENAIOT KaK 3HePTHIO, 0CBOGOKEAID-
mWYIOCsA B Mpollecce

ZE* (r)+ o0 H,0 () = ZF %(aq)

flcHO, 9TO SHEprHA B TakOM npouecce SYAET 660eAImbCa, TAK KakK CylHe-
CTBYIOT CHJIBI DPHTSIKEHHS MEXKILY JAHTONBHBIMH MONEKYJIaMH BOAH W
HOHAMH {CM. pHC. 2.10); cnefyer OTMETHTh, YTO IHAPaTHPOBATECA GYAYT
062 BEAA VIOHOB — NOJIOKHTENBHEIE H OTPHLATENBHEE — HJH, B OGLLEM

AHN b aHT

fHap THAD

Na®(r) + I Je——e——=Na'(aq) + Cl{aq)

3Gt
IUU sy
NaCl{tn

Puc. 2.3. TepMondHaMHuecKRH HEK/, BXAOUAIOUHME SHEPrHM TRIPATANHE HOHOB
Nat u Cl™.
| [
clydyae, €C/M HCIOAB3YIOTCA HEBOIHBIE DACTBOPHTENH, TAKHEe, KakK
CH;OH, onu OyAYT cOMLBATHPOBATLCS, HO, KOHEUHO, MOAOMKHUTENLHLE
KOHLBI AUTIONEH MONEKYALT PACTBOPUTENR OyLYT NPUGIHKATbCA K AHHO-
#y. Io xpyro# Teopuu, B STOM RPOLECCE 32PAL HEPEMEINAETCH OT CPEMBE C
HUBKOH JM3JIEKTPHUECKOR TNPOHHUAEMOCTBIO H HYJIEBOH FOJAPH3YEMO-
CTBI0 (BaKyyM; £=1) K cpelle ¢ 6oJee BHICOKOH DH3JIEKTPHYECKOH Rpo-
HULAEMOCTBI0 K 3HAUATENbHON NOJIAPH3YEMOCTLIO,
Ilns vwouno#t conu, ckaxem NaCl, pacCMOTPHM 1UKA, IPHBEAEHHEIN
Ha pHe. 2.3. | .
CooTBercTBylEe TePMOTMEAMUYECKOE YPABHEHKE HMEET BHN

AH iy 4 AH pp = U 4- AHDES, (2.10)

rae U/ = SHEPTHI0 PCUICTKH -— MOXHO INOJYYHTh IIpH HCOOMAL30OBAHHH

MOHHON MOJIeNH COeAMEeHH WK unKaa DopHa — [aBepa, kak 3to omu-

Na(l
CHIBAJIOCH BbIIIE; &Hpa“fm JIETKO ONpeJieNiuTh 3KCITepUMEHTANIbHO, Ta-

KHM 00pasoM MOXHO BHUAC/HTE CYMMY SHEPTHMH MMADATAUMH KaTHOHA
u agdona. K coxagenwro, HeT HHKAKOTO YiCTO TePMONHHAMHYECKONO
crnocofa pasfeneHHs 3TOR CyMMbl 3HEPIAH rHADATALMHM HA JBe JacTH.
Tem He meHee padpaCoTaHbl METONEI, MO3BOJAIOIINE CAENATH ITO; 3TH
METORBI HE CTPOTHE, U BO3MOKHKbIE OLIHOKH AOCTOBEPHO HE HSBECTHH!, HO,
BEPOATHO, OHH He OOJblIe, YeM HECKONbKO KWIOKAZOPHH Ha MOJb.
B 1a6n.2.3 npuBeAcHH HEKOTOPHIE XapaKTePHLIe IKEPTHH IRApaTauuH [2].
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Tabauga 2.3 :
Henoropete xapaxtepsine SNCPTHA FHRPATALRKE (KKaA/40 15) 2 :
| E
|
Li+ 124,4 NH} 72,545,5 !
Na+ 97,0 (CH,),N+ 32 48 |
K* 77,0 r- 120,8%£3,5
Rb Ak Cl- 86,843 §
Cs os ! Br- 80,34+3,5
Mg 1- 70,5%3,5 A
Ba2+ clo; 57 4 1
Sc3+ OH™ 110 48
k)
AHcH Mepe =2.5 1 KRa i/ M0ab i
@ e 7y E.., onpee- 'i
TRIONEY G M rascobpagnoro
Y MAT4., AIH NeRTpaNLUBIX I
ipaskoro .. (cm. ra. B). O6-
BEAYIOBIHM « | LoGM:
=ML, J*-* (r) (2 11)
JHEPTHK 3TOr0 npouccea ne-
. oTiry aneprufi [3] asgerca
24 pas Cs,|CoCl,] —
lepauero Holwt Cs#
[€aCig1? {r)
~aaoob-
na-
i 1
1 1 i
[ [ [
2 TN T : £
A4, 5 b Fetrgagart g | | . s W oee

NPUPONA MOHHBLY COEAXMHEHKEA

2.5, Honrme pagnyesl

[Ipy paccMOTpenHy BONHOBLIX Gy HKILUA 210MOB W HOHOB CTAHOBHTCS
SICHBIM, uTo TE K APYTHE He 004344107 CTPOre OlpPeleneHHLIM paste-
pamu. EIuiCIBESIHEId CHOCoG, HPH MOMUIMEH AOTOPOrO MOMKIIO OTHECTH
BCAMMMKY palKyca (pasvep) K &loMY WIH HOHY,— 3TO HSMEPHTh TeM
WIH JPYriM CNOCofoM, Nackonsko Gasko UBa aToMa MAH HONA MOTYT
[ONOii I ORAH K APYIOMY TOA BJIWSAUHCM CHJ, NO BEMITIWHE J0J00HBIX
1CM, KOTOpHIE YUACTBYIOI B AMMHUECKHX npoieccaX. A uoios B Kpuc-
range 3To MOXKEO Cleldlb, ONpelenss PacClOofHUE MEMAY ucHTpR
ABYX COCeAHHX HOHOB, KOTOPOE ABAACTCA CYyMMOH HORHBIX p’

Torna sosHgKaIGT KBa BONpoCa:

| $srseTcs Ay paiHyc, valileHdbllt TAKUM 0OPasOn

2. Kax cnellyeT pacnpefie/luTh Jalllce MeXKbaaepy
MEHIY palMyCamu HBYX HOHOB?

B orser Had Nepebid BOTIPOC MOMHO CHA3aTh, YTO -

}0ICA TOUHO NOCLOHHIBINMM, HO GIH3KY K 310y 9 UX
Baib. Hanpihiep,

TR+ —FNat =—Qup —&uapr =0,30 7%

Fict — e+ =8Ko —anag) = 0,33 A

PR+ —1Na+ = AKpr—aNaps = 0,32 A
PR+ —#Na+ =AKy —dNag = 0,30 "

rie agr — paccrosune K+ —F~ 8 KF nt 1. Ipe.
PA3HOCIL t g+ —/Na+ B OCHOBHOM ROCTOAHHA, TO i
10Me B JOCTATOYHOW CleImeHM nocTodnubl. HM3 na
usMepenuil MeKUOHHLIX paccrogiii 8 601610
164 MOJKHO COCIABHIb OOUIMDPHBIE TaGmnuubl cpeld
MOHHBIX pajliycoB, Kpome Toro, MOMXKHO cocia
paanycos, eCIH HE3aBHCUMO YI4eTcR Ofpeneil;
BO3MOKIi0, HECKOABKHX HOHOB.
HeoGa0A8M0 YROMAHYTE NPOCTOA METON HAXe.
RETLHOrD MOHA C ToH OToBOPKOH, UYTD BLIYHCTIENH)
3HaueHis] BO MHOIHX CAY4afX (CRJAEKAT JaliLHellmun
npapienusaM A9 noayuenns Hawfonee NPUCORHOCO 1L
Fror MeTOR OCHOBAH HA HPEANON0KEIUH, YI0 AN 1aphl
wofios, ckaxer Na* u F™ | paxuycs Gyayt o0patia ftpois,
e KTUBHOMY RAEPUOMY 3apsly, BO3AEHCIBHIO KGTOPOro
1o1cA WapyKHEle 3MekTpoubl. Taxoe npeanonckenne cac
PelCrBeHHO M3 BuIpaXenua (CTp 17) 1A papuycd omioh i
KPyToBbX OPGHT, KOTODBIA MNEST KBAHTOBOMEABHUNECKMH —
BAZe BauGoJee BePOATHOI O Paaryea, HABJAGHHOTS 13 BINTHORCH l
(e1p.24) “Hlruk, Wdk' obeykadiots panke eip 630 o uy L )

a
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ONHKX H TeX e M COCEHHHX SMEKTPOHHLIX CIOCB YaCTHYHO SKPANH-
PYIOT ADYT ApYTa H, PACCMATPHBAA 3MEKTPOCTATHYECKHE COOTHOMIEHHS,
MOMKHO BBIYUCIATE KOS(PHIIMEHTEl JaCTHYHOTO PKPARHPOBANHS,

Korga sto penaror oo meropy CheilTepa, Ina BHellHEro 2§- HIH
2p-a/MeKTPORa B HEeOHOBCH KOH(MMIYPALMM MOAYYalOT 3Hauexue 4,15.
Iaa Nat (Z=11}, Z*— sddexTnBHBIH 3apaa SAPa, OMYHAEMBI 3IEKT-
poHaMH BHeulHel 0fONoyKH,— cocraenser 11—4,15=06,85, B To Bpema
Kak aas [ Z*=9—4,15=4,85. Taxum obpasoM, OTHOILEHKE PalHyCOB
fp=- /rNa'i' =4,85/6,85=0,71.

Tabauya 2.4
Honunsie paneycs no Foasmnmupry () v Tomuwry (IT)
(aurerpemsr)

Hou r na Hon r It
H- 1,54 2.08 Pba+ 1,17 1,21
F- 1,33 1,36 '

Ci~ 1,81 1,81 Mn2+ 0,80 0,80
Br= 1,86 1,85 Fe?+ 0,76 0,75
i- 2,19 2,16 Co2+ 0,70 0,72
Nidr 0,68 0,69
0 1,45 1,40 Cuz+ 0,92 —
Se- 1,90 1,84
Se2~ 2.02 1,98 B+ 0,2 0,20
Te2™ 2,22 2,21 Als+ 0,45 0,50

. Seit 0,68 0,81
Lit 0,68 0,60 Yi+ 0,90 0,93
Na+ 0,98 0,95 La3+ 1,04 1,15
K+ 1,33 1,33 Gat+ 0,60 0.62
Rb+ 1,48 1,48 Ind + 0,8l 0,81
Csh 1,67 1,69 Tla+ 0,91 0.95
Cu* 0,95 0,96
Ag+ 1,13 1,26 Fed+ 0,83 —
Au+t — 1,37 Cr3t 0,55 —
T+ 1,51 1,44 i+ 0.15 0.15
Be?+ 0,30 0,31 Siat 0,38 0,41
Mg?+ 0,65 0,65 Tiat 0,60 0,68
Ca*+ 0,94 0,99 L+ 0,77 0,80
Sr2+ 1,10 1,13 Cet+ 0,87 1,01
Ba?+ 1,29 1,35 (et 0,54 0,53
Zni+ 0,69 0,74 Sn#-+ 0,71 0,71
Cdz+ 0,52 0,97 Pbit 0,81 0,84
Hgz+ 0,93 1,10

4 Dyl panHele GRIE NOAYHEHB NPH MCNONLAOBAHHH CHIPYKMEPH MUENE KEGMEHHOR Cotu
(T e. WeECTAKOOPAHHAUMOENOH CTPYETYDH) B KauyecTRe CTAHAAPTA, AN ADYIHX CTPYKTYD ©
PAINUTHNME SHAYeAHAMH KOHCTAuY Maneayula A M Kosohauuenton Bopra B momuo che-
2aTh HeSoaplHe HCAPaBIRHHA.
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Ecait Tenepbh cyMmy 3THX paiHycoB NPHHsTH 32 paccrosiue Na—F
s NaF, a sendo 2,31 A, UHIHBHAYANbHBIE P3AUYCHI HOHOB ACKHBI
OBITE paBHB
rg- =1,30A
e+ =096 A

Onncannbiii METOH € HEKOTOPBIMH YCODReDINeHCTBOBAHHAMH GEIN
uenoabaosand TloauHron AJI5T BBIYHCICIIHA PAZHYCOB OTJAeRBHEIX HOHOB.
TONBAWMHAT, IPHMERKB HECKONBKO G0o/lee Huldpuueckil MeTo, TaKkwKe
NOJYUNI BEJHUYHAHLE PanHYCOE KHOHOB. Pannycm paaa BaMHeHWHX HOo-
HOB, pacCUHTAHHbIC 3THMH JBYME METONAMI, NPHBEIECHL! B rag1. 2.4.
PaCXO}KﬂeHHH, 38 HCKNOYCHHEM HECKOMLKHX CJydseR, HeBeJJHKH.
Bonbwoe pacxomaenve s H™ obeyxkaaercs B ra. 6 (crp. 16, u. 2). Cie-
AYET OTMETHTL, 4YTO, XOTA pallyChbl MOTYT ObITh 8bitiLAeHb, HEKOTODBIE
HOlbl, Hanpumep Gt umun Phit, ssasiores Cyryf0o THIOTETHYECKHMH.

2.6, HexoTopble BAXKHEIE THHLI MOHHLIX EPUCTRNTHYCCKHX penIeTox

MuoxectBo wonuea coennerni tuna M+ X7 peTpeuaiores B BHIE
OHOR H3 TPEX CTPYKTYD: CTPYKTY Phl xopuda nampus {puc 2,1}, xa0-
puda yesua (puc. 2.5, a) WIH yunxeseld obxanxu {ZnS) (puc. 2.5, 6).

Zns

@ znﬂi‘ :
Q s*

i a -]

P u e 2.5, CIpyKTVPH XN0pHIA Hednd (2) B UHHKOBOM ofvanks {6).
B HoHHOH pelleTke KaXKABIA HOH OKPYMEH OOPEleNEHHBIM UHCIOM HO*
HOB IPOTHBOMNOJOXKHOIO 3HAKA; 5TO YHCAO HA3BIBAETCH KOOPOUHANUOH-
HOLM 4iCAOM HOHA. B YIIOMAHYTHIX TPeX CTPYKTYpaX KaTHGHBI WMEIOT
KOOPJIHHaLHOHHbe uHcaa 6, 8 B 4 coorBeTcrBeHno. Tenepb BO3HMKEET
BOIIPOC, NOUEMY JRaHHoe COellHHeHHe KpHCTahjiusyercd ¢ ofpasopa-
HHEM TOH UJTH HHOH CTPYETYDHI? %
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YTo0bl GTBETATE HA ITOT BONPOC, MPeXIe BCErO CEAYET Y3HATH, HI-
HOPHPYR BO3MOKHOCTH METACTaGHIBHOCTH (KOTOPan BOSHRKAST PERKO),
KaKoe MPOCIPAKCTBENNIOE pacnojoxKenke GYAET MPHITHMATL COCRBHEHME
TNpH yCNOBHU CAMOH BRICOKOH CTaGHILHOCIH, T. €. HAlHU3IWLEH SHepriH.
DaKTOPbI, KOTOPEIE BHOCAT BKNAR B SHEPIHIG,— 3T0 CHITEI IPUTSKEHHS
MEXRY TIPOTHBONOIOKHO SAPANKEHHBIMH HOIAMH, KOTOPhie YBe/JHuH-
BAIOTCA C BO3pacTaHHEM KOOPAHHAUKOHHOILO YHCAd, H CHJBI OTTAIKY-
BAItHSl, KOTopbie OYAYT OYeHb GBICTPO BO3PACTATH, €CAH HOHEI ORHOFO H
TOFO ¥e 3HaKa 3apsfa «CHaBaAuBatoTcH» BmecTe. TakuM o0pas3oM, OnTH-
ManbHOE DacTONOXKeHHe B M0OOM KPHCTasiide NOKHO ORITH TAKHM,
4TGB! OHO f103BONIAN0 HAHGONDLILEMY THCAY NPOTHEOMONOMKHO 3aP SkeH-
HBIX HOHOB €XacaTheA» K HE TpebOBaN0 HHKAKOTO CAABJNHBAHHUA HOHOB
OIMHAKDBOro 3apsifa. CnocobHocTb JaHHOR CTPYKTYPS! yAOBJIETBOPHTD
5TH TpefOBaHHA 3aBMCHT OT OTHOCHT&IbHBIX DA3MEPOS HOICB.

Hcnonbays B KauecTse NEPBOrc NpPEGAKKEHHS MOISAbL MKECTKHX
cep, npoaHanusupyeM cHTyaumto aas crpykrypel CsCl. IMTomecTim
BOCEML OTPHLATENbHBIX HOHOB ¢ PafAHYCOM r~ BOKDYT NOJOKHATENBHOIO
HOHA ¢ pajiuycoM r+ TaK, 4ToOht paccrosiiie M+ —X~ papusnoch rt
~r", a cocennne nounl X~ kacamucsk Get Apyr Apyra. Torga paccrostsue
¢ OF OAHOro Hoka X~ 10 APYFOTO paBHO

2 . - _
a=—=\r" v =9
V?z( Fr7)=2r
HAH

1,37
r

Teneps, eciu oTrowenwe r~ /r+ Gonbiue, uenm 1,37, eTHHCTREHHO BO3~
MOXHBEIA crocod OCYUIECTBHTL KACAHHE BCEMH BOCEMbIO HOHamu X~
Hora M* — 3710 caaBuTh HoHbt X~ . B NPOTHBONONMKHOM CAYYae, ec/H
r~[r+<71,37 necan voubl X~ He CAABAHBATL, TO OHH HE MOTYT KACATbCH
uoHa M* ¥ HeKoTopoe KONHYECTBO IHEPFHU JIEKTPOCTATHUECKON CTa-
Ounusauun He Gyler goctHrHyTo. CHeROBATeNbHO, eCAH ¢ /r+ CraHo-
BHTCA paBHBIM 1,37, KOH@MIYpaUMA KYJOHOBCKHX CHA NDUTAKEHMA R
OTTaNKHBAIUA YPaBHOBEWMBAeTCs, a M060e YBEIUYEHHEe 3TOTO OTHOILE-
A MoweT cleaars crpyxrypy CsCl HeBwirofnofl mo cpasseHHIO co
CTPYKTYPOR ¢ OoJiee HMBKHMH KOOPJHHALHOHHBIME YHCAaMH, TaKoil,
kak NaCi,

B crpykrype NaCl, uTo0sl Bce HOHBI TOALKO KAaCANMCH APYT Apyra,
KO He OBIIH CcllaBAeHb!, Npr paguyce r g X~ u r+ i M+ unmeem

2=V 3(r*+r")
YTO ANl KPHTHYECKOTO OTHOIIEHHS DAfMYCOB LAeT

rofrt=2,44
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Ecnu oTHowenwe r /r* mpesbibaer 2,44, TorAa CTpyrTYpa NaCl
CTAHOBWTCH HEBLIMONIION ¥ MONET cTaTh Bonee GIaroNPHUATHOH CTPYKTY-
pa NUHKOBOR OGMaHKH, AJA KOTOPOH KDHTHHECKOE JdnaucHue r frt
paBio 4,55. Ec/M CyMMHPOBATL BCe 3TO, TO coofpameHnsa YNAKOBKH
A0MKHLL 3aCTABATE Hac CHHMHATH, YTO Pa3NAUHBIE CTPYKTYPbl HMEOT
crenyioliiie 00AacTH CTaGMABLHOCTH B S4BHCHMOCTH OT OTHOMIEHHA:

Crpyktypa CsCl 1 <{royr' < 1,37
Crpykrypa NaCl 1,37 <7 r7/r" < 2,44
Crpyxrypa ZnS 2,44 < Fort < 4,44

QOueBHffO, adaforuulIbie JIOBOAB! MOXHO MDIMEHHTL K APYTHM
CTPYKTYPaM W APYTHM THIlAM HOHHLIX CORTHECHAHH.

B cBR3H ¢ TEM HTC MOACKL XeeTxof chephl ABAAETCS JOBOMBHO Ty~
GLIM NPHEAMKEUHEs, BCE ITH BHMHCIENHS TOMHKO OPHEHTHPOBOUILIE,
Koneuto, MOKHO OXUIATD, UTC B COCHHEHHSX, TRe r ~r*, Oyzer ob-
napykena crpykTypa CsCl, a npr r™ Z>r™ cenyer omularh CTPYKTYPY
LHHKOBO#H oOMatKH. B 1a61. 2.5 DPHBEUCHR HEKCTODHIE XapaRTEpHbIE
JaHHbe,

Tabauyu 2.5

CTp\'KT\'DL} i OTHONIEHIA palMycon .5 HEROTORBIA HOHHBLY conell

|

CrpynTypa GGl || CrpyrTyps Mall ||| CHpyRIYpa 03
CnThb r=rt ‘ oAl =it ‘ COTE p=fe T
| | Na(l 149 I s | 2.1

CsCi i.1 Na( R n 2.
CsBr 1,2 Nal 2,4 | ZnSe 2,3
Csl 1,3 KCl 1,4 CuCl é,(}
TiCl 1.2 Rbl 1,5 CuBr 2,3
TiBr 12 RHF 0,92 (él;ls 2,3
T ’ | BeSe 5,7

Tpu yHOMAHYIBiE BRlie CTPYKTYPH LA coepuneHui tHia M+ X
HE BJSIOTCS, KOHEUHO, CIHHCTBEHHBIMY, HO OHM, BEpPOATHO, Haubolee
obpubie. Vonnsie coefdHeHHA ¢ pasHbiM CTEXHOMETPHMECKHM COCTa-
BOM KPHCTANIN3YIOTCH ¢ O0pPa30BaHuen pasibiX THIIOB pPewieTok. Mmuo-
rHe n3 HUX GYAYT YROMSHYTH B JajJbHeimeM, a sfieck OyAYT yKasal
efie JBe CTPYKTYPH!, KOTOphie Bechbsma OOBMHLI JIfifl COCIMHEHUM THNA
M2 X unp MEX®T. Opuna w3 nux npeicTdBAsieT CTPYKTYPY Mikepa-
na daoopyra CaF, u noxasana na puc. 2.6. Ecnu coejuyenne Tuna

3 CompemeHHAR HeopPTaHEuECKad XHwus, ¥ !
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M2 X7 wpucTasiHaveics Takay me ofpasoM, ORO, Kak TOBOPNT, Wie-
€T cmpykmypy awvopuma; ecan coeguiente tuma MJ X*T xkpueTanau-
3yeTcs aHANOrHUHBIM 06PA3oM, HO € MoHaMH X*™ | 3aNHMAOLIUMA 1010~
xenpe Ca?r | v gopavi M~ | zaEumMaomuMy nodoxense F-, To ropopsr,
YTO OHO HUMEET awWriubaoopumiosyio cripyrmypy. Blopyio CTpykTypy,
KQTOPVYIO UacTO ofHAPYIKUBAIOT ¥ coepnteldil coclaba 1 © 2 (C1pyKkTypa
vmutepata pytuna TiQOg), HAsbIBAOT cmpykmypoli pymusq; oHa TNoKa-
saHa Ha puc. 2.7. Heworopbie coenunennss tHma MfX®  xpueraniu-
3yloTca ¢ ofipasoBaHueM aHTUPYTHAO0BOH CTPY KTYPhL.
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O Ca? O of
Puac 26 Cipywiypa &ropuia Pre 27 Cipyrrypa pymnia.

Raneypna (paoopaTa).

Bo dutcoprToBOfi CTPYKTYPE KartHoiLT OOPA3YIOT 1 PanelicH rpupo-
BaHHBIH KyD, @ BOCEMb AHUOHOB 3aliMMAlOT BOCEMb TETPavIpHuecKuX
AyCTOT B 5TOM Kybe. OTMeThM, Uro KaxAsA KaTHOH OKPYMEH BOCEMBID
TAKHMH {[YCTOTAMH M NOSTOMY HJOCTHraeT KOODAHHAUKOHHOTO uncaa 8.
B cTpyKType pyTadia snementapuas suelika He KyGuueckan, a KatHoHbl
UMEIOT Keopausannonnee wreno 6. Crepowateawvno, 1py6o ToBops, W3
coolpaXeRuli YOAKOBKH, ecli OTNGIIEHUE PaguyeoB r /it MEHBHIE
~1,37, orhaerca IpefiodreHHe CTPyKivpe (GUHOpUTA. CCTH BOTLHIC
~1,37, To CTPVKTYpPE pyTHad.

CTpYKTYpbl € NJOTHOH YRAKOBKOH AHHOHOB., 3HAUMTEIbHOS YUQIC
XAALEOTEHHAHLIL U TANOTEHMIHEIX CTPYKTYD MOXKHG UPeACTABUTL KAK
TIOTHOYNAKOBANTEIE PsAlbl GOIBUIAX 2HHOHOB C KATHOHAMH MEHBIIHX
Pa3nepoB, KOTOPHIE 3aHAMAlOT NPOMEXYTOUHLIE IOAOKEHHS B 3ITHX
psaax. CymecrsyoT ABa OCHOBHIX [HNA TJIOTHOM YIAKOBKH H3OMETPH-
uecKHX cdep: rekcaronanbHas M KyOnueckas. Ofa oHH cTpodTea U3
ARYMEPHbBIX, ILTOTHOYNAKUBAHHEBIX ClioeR (puc. 2.8, ), pacioJokennsx
onpereseHHb ofpason. Ecnp ogan takofl cloH HoMecTHTL Bal apy-
IHM TAK, KaX NoKa3aHo Ha puc. 2.8, 6, uTo ABJRETCA PACNOfoKEeN,

P wc. 28, Tlateas yoakeswa  ohep.,

d — OFHH CTOH & — nEg LACH, TPECTIENAILAS TeTPAIAPHUCCKEE (A, A’} B OKTA3LDIYCCHKOR
{F} pacRONOMERH 8 — MYOTHHNH KYDHUSCKER YNAKOBKa.

3*




68 TJABA 2

3aHHMAIOLIAN MUHHMATLERN OOBEM, TO BUINO, 4YTO Ofpa3VIOTCd KakK
terpasipuyeckue AA’, vak H okrasiapuueckpe uycrorsl B, Ecau pas-
MECTHTb 'I'DETHﬁ PAO aTOMOB HEJ BTOPHIM, TO 210 MOXKHO OCYINECTBUTH
IBY MA CitocoGaMH, TIpHUEM K TOT 1 JPYFroil Zai0T MHHMMATEHBIA ofbeM.
TpeTnit caolt MOXKHO MOMECTHTD TAK, YTO €70 CEpLE PACTIONOHKATC MPi-
Mo Hag chepamd nepBOTO caoA (T. e. Waj nonokertweM A’ Ha puc.
2.8, 6). Ecan za1em gobasdTh weTBCPTHIE €10H Tag, urodn! cro cdepnt
PacloNOKHINCE HENGCPEACTBCHHO Hal ceDiMit BTOPOro c1od, MRTHH
npsaso Hal THeThHM CJI0EM B T, A, 06p33} S TAKHKR OYTEM [1OCACI0BATE/ -
HOCTH, KOTOPYHW MOMIIO 3anncaTk hax 121212..., 70 momyunM eexcaco-
HaapHyo naomigio ynaxoscy (TTHY)

C apyro#l cTOpOHBL, IPCIHH CI0K MUASHO [IOMECLUTE 1k, 1100k cdiepr
b1 He Hal clepadMu NePBOIO €104, a4 Had Hoiosennsay B (pHe.
2.8, 6}. Ecan sartev cepsl Me1BePTOTO €105 PA3MECTHTE 1141 chepanu
nepsoroe Chiod, CQJepm NATOTO GO al, C(pepar\m BRTODCTO I T. 4., CO3T4-
Ras TakuM ofpason [OCISACBaTeTLHOCTR, KOTOPY 0 MOKAO O003HAUHL
123123123..., To0 moayuum sgbudeckyio naomaye ynoxosay (KITY).
310 upOCTPAHCTBEIHOE PACNOJIOKCHKC B HCHCTBUTRBHOCTH KHIEHTHYIO
Ky BHUCCKOR rpaHellenTpHpoBaiHoll pemerke, Kak BuANo us puc. 2.8 g
AWATOHAIH TpaHelt KyDa onpefessioT NNOTHOYAAKOBANHBIH caol, onuH
H3 1MX TNokasad Ha pHc. 2.8, 6.

Hue npuUBEieHb HEKOTOPBIC HPHMCPBL CTPYKTYP, BRIIQUATOLLIX
TLGrHOYIIaK0BaknEe annonsl. B xpuctante NaCl nonw ClI7 pacnodac-
meibl B KyOuuecroft nuotiefirell ynaxosre {(KIIY), a mee ograsugpu-
yeckue Iycrtoln 3anmati vonavt Na . CdCl, raxke nmect wous Cl7
B KITY, a kamuas propasi oxiagipnaccrad nycrorn sausia Cd*, B 10
ppena Kak v Cdl, uonst [T naxonsics 8 TITY, 4 wonw (A% zanpmaioTt
noaoBKHY okTasapuueckux nycroT. Kopymn, «-dopua Al,O;, imeer
['TIY woHcs Kucnopofa, a 2/3 OKTASAPHUECKHX MYCTOr 3aHAT0 KATHO-
namy. ToMHMO YIIOMARYTHIX, ¥ JIPYTHE BEUeCTBa HMCIOT HCPeHMC. I HHBIE
CTPYKTYphL. CTPYKTYPB! 00BIYHO HA3LIBAIOT, CCBLTANCE Ha 1IPHBEIEHUBE
BLNE coennueHus. Takuv obpasont 6plan obcyaaeHsl crpyrrypi NaCl,
CdCl,, €dl, v xkopynra (nam =-AlLO ).

HexkoTopmie cmeniaHHble OKHCHBIE CTPYKTYPH. Cymccieyei 6o.biioe
HHCAD GHHCOR (a TAKMKE CTCXHOMOIPHYCCKH DBICIBCHHBIN HAM TAJOTe-
HUJOB), CONCPKALLUX NBAa H GONCC PasHblX BUAOB KA1MOHOB. DOJLIIMI-
CTBO M3 HHX BCTPEUAEICH B BHIE OKHOIMC H3 HECKOJLKHX GCHOBHBIX
CTPYKTYPHEIX THROB, Ha3BaHU® XOTOPHIX NPOMCEOA4T ©F Hanboice
BaXKHOTD COSARHENHN, KMEIOEro 3TOT THU CTPYRTYPEL Hume onucaHel
Tpi Raufojee pacipOCIPAHEHHBIX THIIA CTPYKTY]bL

1. Cmpysmypa wnureaw. Coeannenne MgAl,0;. eerpeuatouigecst B
DpHPOIC B BHIC MHHCpana wWnHHedH, HMeeT crpyKTypy KITY wonom
KACTOpoMa. OJ,Hcl BOCBEMas TETRaFIDHUYSCKHX yeToT (B COOTHOLLEHHH
no 2 Ha aHHOH) 3aHATA HOHamMu Mg+ 0 1ONOBHRA ORTAZAPHUCCKIIN MYCr
TOT {B COOTHOWEHHH I Ia anmMoH) 3anoineHa wonamp Al%+, 31y erpyk-
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TYPY WAR ee MOAH(HKAuHo, oOCYKAAIOMYIOCA HWIKE, HMEIOT MHOIHe
APYTHE CMELIAHHBIC OKMCALL MeraasioB tuma MM ”O4 (nanprnMep,
FeCr,0y, ZnAl0,, Co"Co;''0,), Hekoropsie OKHCIBI THTA M"*’M"O4
(nanpumep, TiZn,0, u SnCo,0,) 1 nexoToplie OKHcaL THa MIMYIQ,
(nanpuMep, Na,MoO, u Ag,MoQ,). ITy C1pyETYpy uacTo 0603HAUAOT
wag AIB,lO,, rae B KBagpaTHLe CKOOKM 3AKTIOUEHH HOHBI, Daciiofo-
AEHHEIE B OKTaB,U.pH‘lLCKHX NMYCTOTaX.

Ba}l{llb‘IM BapHAITOM 3TOH CTPYVEKTYVPLI ABTACTICH oﬁpanmﬁm Cf?lpjh'
mypa tngread, BIABIO,, B xoTopoil nodosnuna woHoB B naxoiurcst B
JerpasipUyeckux NyCToTax, a HoHbl A, TAK Ke K4K M Apyras fnososuHa
npnoB B,— 8 okrasnpuucckuy. Takast cTpyYKTYPa yacro Habaiopaercd
Tora4, KorAa noHbl A of1a:1310T 60Jee CHILHLIM CTPOMICHHEM K OKTA3[1-
pliyecKofl KOOpAHHAUNH, ueM HoHbl B. Hackonbko nzBectio, Bce minu-
renn Tuna MIVMY'O, — ofipatuwie, nanpuvep ZnlZnTilO,, Tax e

nak # nmorme w3 MUMYO,,  manpamep  FeWICo''Fe!'jO,,
Fet'fFellFeM0Q;, u FelNiFelO,.

® Hebonniioh katwon

O Boaenoh LATROM +

& Oreo- Hail
Famoredn L =Hon

Pac. 2.9. CrpyrTypa 1mepoBcknTa,

CytectByer 60oJbiloe YHCJAO COGAHHCHME C Gecnopalounsine wini-
HEALHBIMU CIMPYKMYPAMiL, B KOTOPHIX TONBKO UacTh HOHOB A HAXOTUTCH
B TeTPAsAPHYECKHX IyCToTaX (a COOTBETCTBYIONAA HacTh B OKTasAPH-
HeCKiX). DTo HaBMIAeTCs B TeX CyyanX, KOrAaa CTPEMNCHHSI Kak A-,

Tak B B-HOIOB 3aHATHL BPEABOYTHTCABHO OKTAApPUYECKHE, a Iie TeTpa-

9APUUECKHE MYCTOTHI OTJIHUAITCS HC OMEHb CHJBHO.

2. Cmpysmypa uivseruma. 310 CTPYKTYpa MuHepada HJIbMEHHTA
FelTi"0,. Oua ouens 6nU3KA K CTPYKTYPE KOPVHAA, 34 UCKIOUE-
HueM TOro 4to B Hefl HMEWTCH KaTHOHBI ABYX THnoB. Ofbmyo ee mpy-
HuMaloT oKHeAr THOa ABO,, Korja 8a xatuoda A u B uneor npudian-
SHTETLHO OJTHHGKOBLIG PA3MEDHI, HO 3apsii HX e oDA3ATEILIC OJHHA-
KOB, TORBKO HX o6iiuil 3apsf gomxen OuTh B cyMMe pamel 6+, Taxum
00pasoM, B caMoM HAbMeHHTe, Kak H B MgTiQ, u B CoTiQ,, karnoun
MMEoT 3apsik 2+ H 4+, B TO BpeM# Kak B a-NaSbQ; KaTHOHB! HMEHOT
sapsfint 14+ u 54,
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3. Cmpyrmypa neposckuma. Munepan neposenut CaliQ, mneer
CTPYKTYPY, B KOTOPOIl HONKL KHC10P01a B 6osbiofl karunon (Ca¥ ) nveior
pacnoacxkenne KEIY. a wvennnme katnonw {Ti'') sanumaor oxrasp-
PHYECKHWE MYyCTOTHl, 00paz0BalHLe HCKJIOUHTENLEC HOHAMH KHCIOPORa
(puc. 2.9). Taras Crpykrypa 4ac10 Cleria MChameHa, HAHDPHMED B
canom CaTiO,, Tes He hMeHee uMeeTCs MHOMECTBO okuc.10B 1#na ABQ,,
B KOTOPHIx OAMH K&THOH CpPAaBHHM No passepy ¢ OF | a apyroft Mooro
MeBhIIe, TPHUENM 3apAIbl KATHOHOB MOTYT H3VENATHCH, JHHIE Obl NX
cyMMa Griia paBua 6+. Tagkan crpykrypa ofnapyxena B SriiTibQ,,
Ba!'Ti'vQ,, La'"Ga'"Q,, Na'Nb*Q; n K'NbYO,, a makme B Heko-
TOPBIX CMEIIAHHBIX (amoopinian, hampuvep KZnFy o KNiks.

2.7. Hpyrie SLeKrpocTaTHSeCEITe  BHlaonei e i
h i

[Momuvo yie ofCyMIABIIMXCA 3AEKTPOCTAIHUCCKHX B34HMOXENACT-
BHil, KOTOPBIE MOMKIIO [123BaTh HOJI-HONHLM B3aMMOJeHCTBHEM, CYLIECT-
BYET HECKOJHLKO JPYTHX BUJIOB B3AHMOIEHCTBHA, OMIAKO OIM TOPAsjio
c.aafee, O TeM He MeHee YacTo MMeIoT SONniloe 3naverne. JT10 — B3ak-
MONEHCTBIE MOH-TUIONBHOC, THHOIL-IKIOIEHOC, HON-AETYIIHPOBARM B}
A¥00AL, FHO0NL-IHIVIHPOBAHHLIA THIIOIbL K, HAKOHCL, HHAYIHDPOBAH-
A ANMOAL-MIAYUVPORATIEY AWAOAL. Bojopoanan ©BA3L, KOTOpas
GoaRieR YacThIo, CIH 1ie HOJHOCTLIO0, 10 YACTHUIIO, ofig3alia CBoeft poy-
HOCTBIO HAEK MPOCTATHICCKHAL CHdM, MMEET 01 DOVIOE 3T1aMele H OyIer
obcyaeH noapotHo B N1. 6. E¢ MoMHO npeaciapurs cefe Kak obned-
JielMe HECKOALKHA HA3RATHILIY BEIIE THHOB B3aHMOACHCIBU, B OCHOBHOM
AMNONb-HILTYLHPOBAIIEI  AWNOIL, HOH-HII) LHPOBUKHEA MMIOIAb H
HOH-JTHIION >, 3aBHCHILEX OT Pa3NUuibLIX O0CTONTEBCTB.

BzaumMojc#c1 BHe MY WHDORGHEBIR  AHNOAL-HELYUHPOBAHKBI  1H-
IONL NPCHCTABASICT cOBOH AOPOIIO H3BECIHOE HpuTANende, 0byCIoB-
JeHHOe B3aHWOLEHCTBHEY Bl epBJaTbCOBBIX CHI (cpagileline ero pe-
JHYBHLL ¢ BETHUMHON HOMMBA CHA OBITO NPUBCIeHO KA CTP. 53). Bad-
NepBaaibCOBLI CHILL B & Ibiefinien OVIYT Y TOMUIATBCSA H B IPYION ac-
HCKIE, B HACTHOCTH JLTH OO LHCHCHYH CRIDKeHUR 1 SaTBep eBaHIS HEePT-
HBIX 4308, 14 KOLODBIX BCJASACTBHE WX ChepHUeckoro 3JeK1POHHOIO
PacIpPeleAeHrsl ¢ NOIHCCTbIO 34NOAHEHHBINK  00010YKaMH  HHBKaKue
APYTHE CHJLI MIPUTSIHEINS HEBOBMOXHBL JHCPIHH LPHTSIKEHHS, ofyc-
JUBJEHHLE BANAEPBAANLCOBMME CHIAMH, OOBIMHO HMEIOT BEIHYHHY
OKOJIO HECKO/AbKHX KHIOKEAOPHI Ba MONL. (JeRyeT TAaKMe OTMe1NTb,
yTO meficTBUMe $THA CIUT IPOSIBASCICH BCerfa, (e3uTHOCHTENbHO I Golee
WK MEHee [He3&BUCUMO O JIOOHX APYTHX CHI1 — OHY CBOHCTBEHHDBY Ca-
MOH Tpupoje BEllecisa J1d CHALL MPOTIOPLUONAIBHEl HOAAPHIYEMOCTH
it o0paTHO NMPONOPIMONANLHEl NOTCHNKATIAN HOHNIAIH PACCMATPUBAC-
MpIX MOJICKYJI, A10MOB KJIH MOHOB H ACHCIBYIOT HA HEOOALWKX paccrod-
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HHAX, TPHYEM NpHOGIH3UTETLNO OOPATHO [POHOPLKONAILHO eCToil
CiCnen| pacc*rommm

BsaumopeftcTBus  HON-TMOOTE W HOH-MHAYUHDOBAHHEIR TUNOTb
HIPAIOT BaXHYIO POAb B XMMHHI PaCcTBOPOB, OGBACHSS NONHOCTHI)
HJIH 4acTiHutin SH[‘])]'HH COJIbBaTAIlMH :)..'I(_‘K’I‘pOJIHTOB B PACTBORRTOIA N
PasyuYHON AONAPHOCTH. Hanmp#nep, BianionelcTBHC HONA HATPHA C
(BEPOATHO, I.IJ@CTbIO) MO..‘ICK}'J!HMH. BOAL, OEPYHIAOILEMHE €70 B BOJHOM
paCTBOPE, HBJSETCR 110 KPAiHCH epe UacTWuHo M, OUEHb BEPORTHO,
CIABHEDY 06P330\1, FACKTPOCIATHICCKIN HPRHT R KEHHEM ME}I{J{)’ ITOM0OKH-
TOTIBHBIM HOHOM HAIDHEA W LHOOJAMH .\lO..'lCl(.VLl BOUEBI, opnen’rup(maﬂ—
HBIMH, Kak 3TO Hoxkasdno Ha pic, 2,10, Junoas MOJTeKy Al BoIbl B

Faue 2,10 KouBuHERoRamiice MON THIMIBHOE W LCH HHAYVIHPOBAHHOE LHIIONBHOR
Bl DL HO LBIE BT TTaTpFs Iy \IO.'IEI.‘).]:J‘[H RCUBL B BOANIGON |)E'I(_,IBUI)E.

JAHHOM €1y 4aC CIAHOBITCH GOILNIC, YoM IAN0iEs cBOBOINON MOUCKYIH
BOIBI, TdK hdkK OTCKITTENLHLIH 3dpPsil [Ha HOHC HaTpPHH BLiSbiBaeT Jo-
MOTHUTCILHYID NOAADHIAUNHN, Tarum (Jﬁp?iSOM MPORCXOAHT HATOKEHHE
NMPUTHMKEHHA HOH-TUNIOAL KB HOI-HHAVHHPOBanibik IHnois. B chvuae
CHCTEM, COCTOAMHX H3 oHA W UelTpadbHOR MOJeKy.dbl, He HMErOLLei
aunoas (Hanpumep, xomniaexc Gensoaa c cepefpost AgCHYy, cuny
INPHTAMKEHHH MOMHO PACCMaTPHBAIL, N0 KpalfHCH Mepe O1Yaci, Kag
00y CHOBJACHHYIC TPHTHIKENHeM HOH-HILLY IUTPOBAKHEI Iunois. Oniako
B HAC100Wee BReMst HeT Ciporo o cnocoﬁa, 1008 padTHUHTE ONMHCAHHOE
BBElHMOJ_lef{CTBH(:‘ I OIHELIHMHHO ROBAJSHTHOL BBaH\iO}IEﬂC’I‘BHC, MPOHCAD-
Asitliee BCACACTBIE EPEKPLIBAHNS opdNuTaell, ocrONbKY ofa npouec-
ca JeHCTBHTENRRHO ABJASIOTCS HIPOCTO PA3HLIMIT TOUKAMH 3PETiHA Ha OSHO
U TO JKC HBJENHC.

BzauMmofCHCTBAA  IHIOIL-IONbE M JAHOOJb-HHAYLLHPOBAIHLLH
JHNONB OueHb XapaKTepHHl JIIA BCEX MOJCKYVJ, ARJISKMEXCH MO-
TADHBIMA B LEJOM, MiH JU1st MOJEKYJ, UMCIOU{UX HONSPHBIE CBS3W.
(Wb 3TOTO POAA, BEPOATHO, AAIOT Nandoasual BKNAK B IHEPTH pe-
LWICTOK MOMEKYJAAPHbIY CoedRnelnil,

ttoaapuzauun. Ecanr asa wona, A~ w B, naxomarca psACHM, TO,
TICMAMO KYAOHOBCKOTO TIPWYHKCENA, OVAET OCYIIECTRARTHCH 1 B3aNNMO-
Jefictpre, obycnosiennoe paaumboft noaspusamqued. Yem Mennive 1o
pasmepy u fonee BLICOKC 3apsKell KaTHOH, TeM Soablue oH Gyner ¢1pe-
MUThCA HAPYIIHTL PacilpelefeHHe 3apsla B cocelneM amnoue. Koau-
YCCTEEHHBIM ‘KDHTE])HEM ITOH IIO"IH[)HB}’}OLLLEIUI CHAR HKaTHOHA CAVIKHT
OTHOIIGHME €10 3aPAia K paiuicy. B To e Bpems 10J4PH3YeNOCTh
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AHHOHA ByNET PACTH ¢ PoCroM ero pasmepa o 3apaga. [1pn npouux pas-
HBIX yCAOBUAX W3 IBYx aHHOHOB Ooanilgil Gyjetr Ooaee monspuayem,
TdK KAK €ro BHellHHe FACSKTPOHLI TT2X0RATCA TaJLIe OT Jipa. B 10 xke
Bpens GoJiee OTPHHE‘ITEJ]beII:{ K3 ABYX HIOZICHTPOHHBIX #2HU0HOB, Ha-
uprmep O u F7, Gymer Gonbine no pasvepy u Sonee monspl-
3VeM, TAK KAK BHEIHES HMCKTPOH-3MCKTPOHHOE OTTANKHBAIIE PaCcuiu-
PRET 3ACKTPOHHOE o6iako. TToCKOAbKY KATHOHE 0OLIYHO MEHBLILE AHHO-
HOB, CUHTAKT, HTO NoAAPHIaNHA KAaTHOHA alHoOHOM B OO LUTHHCTRE
cavyaes HHYTOKHA (Bosmouao, CsE aenserca ueriouenues). Tostomy
MO0 OKHAATh, UTo (JopMa CBOOOAILIX HOHOH M GJM3KO paCTONOKeN-
HLIX HOLOB OYNET &0 HEKOTOpOH CTeNeHy 10100HA Tol, Kakan Npupeie-
Ha wa pue. 2.11.

Kamion Awmon Karuor AHior

Cyurecteylor pasae Teiro BaallMOAeHCTBYIOT MENRY cOGolt

Pac. 2,11, Ciema neaspusalil 31eKTPOHHOIU o014k GOABIIOIO AKEONE hATHOHGM
MA0LO pamepd.

KoBancHTHyI0 CBA3L MOMKHO PACCAATPHBATh KaK CIyHad HOHHOH
CBH3H, HPH KOropom BOJOADH3AUNRS aUHOes HacTaaLKO pennka, dTo
HAaeT SaMeTHOR YBeIHUSHHC I7eh] pO!!lIU]i A0 HOCIH MCALLY  HADAMH.
HEC‘.\IOTpﬂ 113 TO UTO TAKAA TOUKA 3PeHHA HEeCKOIBKO OrpadHieHa, Koria
peUl HILT 0 KOJAHYECTReHHOM PACCNOTPeHHUM, U B O0LIEM 16 SIBASETCH
3aMEHOR KBANTOBUMEXAHHUYECCKOTO DPACCMOTPEHHA KOBAJIENTHOH CRASH,
OHa BCe e lIMeel CiipeAeNCHEBIE AOCTOHIICTBA B KAUECTRE OﬁlILEI‘O naoux-
XONd K NOHHMAHHIO CVUIECTBA CBsA2el, KOTOphie ABRIANTCH TVIABHBIM
ofpaaoM MOHTILIMK, ¢ HeO0TRINOH J0Melt KOBANCHTHOCTH.,

B xauecTre TpHMEDRE  PACGMOTPIM MOUKH [MIABJIeHHA HeKOTOPBIX
¢HOHHBIX» TafOICHK/IOB UIEOMHOSCMEABHEIX 32evellTos  (taba. 2.6).
ToukH naapaeH1n AAOPHIROB DABHOMEPIHO BO3PACTAIOT JIO MEpe VReJIH-
YEHHA KATHOHA, B To BPEMs KAaK TOWKH TIARIEHHS TajJoreHdaod Kamlkb-
IHA CACTEMATHYECKH YMEHbIIAOTCA 110 Mepe yheJiMueHdd aHHOHA.
JApyruMy caoBanMu, B o0UIEM TOUKH INABNEHUS MBMEHSIOTCH OGPATHO
APONOPUMCHAILHO BeIHYHHE HOJAAPU3AUMH anuoHa xatHoroM. Ofna-
DYIKEHO THKKE, Y16 4eMm DoAbille BepOSTHOCTH NONSPHIAUHY, TEM 1MIKe
TEeNJI0Ta CYGIHMALHN {B AUPETATE KOHOB) H TeM $OJBIE PACTEOPHMOCTL
R iefIoAAPHE pacteoputensax. Hanpumep, LiCl pacreopsercs B muo-
POYHCJIENIIHX OPTaiueCcKuX MHAKOCTAX, B To Bpema xKax NaCl w 1py-
I'He XJOPHAbLL HIENOUHBIX METANICE He pacTBopsiores. [Ipuuudm nope-
HeHHy TAKOro poia sakmoyacics B oiaelyiowes. B teepiom Tene, rie
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Tadauya 2.6

TeMuepaTy PRl NAABASHNT H HOARBE DANYCR [A] HEKOIODHIX Ia’joTeHnIos
HICJAOUHOICMOARIL { MCTa TI0B
]

Cornunonige K aruomn Wunon I mwa, O
BeCl, .31 1.81 403
MgCl, 0.66 1,81 712
Cak, 9,99 1.36 1362
CaCl, 0,499 1,81 172
CaBr,y 0,99 1,95 730
Cal, 0,99 2,16 575
SrCl, 1,13 1,81 872
BaCl, 1,35 1.5} 960
RaCl, 1,50 {maruen.) 1.51 ~ 1000

i

KB}K,ELI:-IISI AHHOH CHMMETPHUHG QKDY ACH KaiHOHAMH, UGTAPH3aNEA aHH-
OHOB 1ie HieeT GONbIIOTO 31aYel A, TAdK K4K DAS/IUHbIE pacTaTHBAOL1Ie
CMBBI, CO3MaBacMbic KATHOHAMHW H AcHCTBYIONIME B PasHblX Hampasge-
HHAX, BCJACICTBHE CHMMETDHH ypasHopeinmBalorca. CrejoBarenbho,
NOAAPH3YeMOCTh aliloHa H MTOJAPHIYIOINEIAA CHAA KaThHoila OKa3RBaT
HeBoabInoe BANANHE HA 3HCPIHIO pewterkn. Oanako fas BOHHBIX Lap
nam Apyrux arperatos [nmanpumep, (Lily,| B rasopodl gase, B pacrTBope
WIH B PaCcTiaBe [IOJAPH3AUMA 3HAUHICABHO CI0CODCTBYeT YCTOHRYM-
BOCTH CHCTCMDL, CHICIOBATSILEO, »TH (‘b& 3Bl HMEKT ((3KCT]J'&C'I‘36H.TIBHOCT]3>>
o CPAaBHCHUKD C KPHCTAAAMLE, B Pe3VILTATE UeId  pacrBOpPHMOCTb
OKa3blPaeTCs BRILS, & [0YKN IIARJCHHS W 3UEDTHH CYOIHMauuy —
HHHE.

Kak 6vIeT BHAHO I3 MOCIEAVIONIETO, NEpBhie padbl aJeMEeNTOoR,
ocobenno Li, Be 1 B, HMeOT ONpeIeseHnoe XHMHYECKOR CXOICTBO €O
BTOPhIMH WIEHAMH CNETYIOHIHX MPYyOIL. 'I:.aKHM ofpascm, ecau cBoOHCTBa
CO(—)}lHHeHHfI JHIHA OTAHUEI0TCA OF CBOHCTB COOTBCTCTRYIOMHX COCTH-
neHni Hied0UNBIX MCIATLTIOR, OHH TACT0 HAMOMHHAWT CROHicTBa coemi-
Henub marang. Xora Na+ g Mgt naosaextpondsl, a Lit u Nat ume-
10T OARNAKOBEIT 3apsiiL, TCM He MeHee cXoacTBo Mexay Lir u Mg+ Tarme
BeJIUKO, TIOCKOJLKY OliM 064 oKasslsalor fofblilee Mojgspuayioee aei-
ctBHe, yenm Nat. OAHaKko 3TOT THO CXG/ICTEA, BO3MOMKIIO, He CTOHT CHAHLI-
KoM fonuepkuBath. Tak, oTHouIcHHC 3apsia K pamiyey ans Li+ (1,47)
OTHUACTCH OT TAKOIo e otnowenns (g Nat (1,00) smenbiue, uem or
raKOTG e coOTHOoWeHHA Ajax Mgt (3,08). CaemoBatensno, oCHOBHAS
HIeH, UTO KOB&JIEIITHI)I‘Q CRH3NK 06}'C,‘IDBHEHI-;I TOABKO BCKANEIHEM HO-
HOB, ABASETCH CJTHILKOM G0aBbUIHM YTIPOMEiHeEM.
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IPHPOTA |
XHUMUYECROIT CBA3H

TEQPHA BAIEHTHLIX CBASEH (BC)

3.1. Beemenuc; c¢pine, oOpasosausad  mapoli
anckTporoR (1o JIboRCY)

B s1oit rnase Oyaer Aan odiuii 0020p XaparTepa CHIl, KOTOPHIC YASP3RY-
BAIOT CBASAHHELIE 4TOMBl B XMMHUECKHX CoeluieHARX. Paunee yme Goli
PACCMOTpEH OYeHh NPOCTOH Cayuafl KPHCTANIHYECKHX HMOHHBIX cOeju-
Helkil, B KOTOPHX, KaK I[I4BHJIO, aTOM MeTAMIa, HMEIMHA HeGoihIioe
YHUCAO HeNpouHCe CBA34HHBIX BHEIDHHX 3J€KTDOHOB, MOXKET HNOTEPHTHL
HX TAOJAHOCTHIO, & CEUH KJH HECKOJBLKO 4TOMOB HEMETAJIOB, HMCHN(HX
wondurypanuio, OAH3KYIO ¥ KOHQHIYypauuM HHEPTHOTO Tasa, MOTYT
NPHIATL 5TH 3eKTPOHE; ofpasyiolidecs [PH 3TOM HOHEL 00pasyIoT Ree
BMECTE HOHHYIO KPHCTANIMYECKYIo pemerky. B Taxem cayyae He pos-
HHKAET XMMHYeCKHX cBa3ell B OfLIMIOM CMBICAE CJORA.

QO6BIMHO TMOJL3YIOTCA TEPMHEHOM CBA3L» AN#A OITHCAHHS CoeHIlenud
1apel aTOMOB, Kax, Hanpumep, aromos H u Cl B mosexyie HCI uan arto-
ua N u onsoro wa atoson H B moaekyiae NH;. Cryaenr, nayuawoinnit
XUMHEO, YXKe 3HAKOM co cnocodom ofo3HAURHUA 3/IeKTRONOB B dTOMAX H
MOJdeKYMaX Mo MeToxy Jiklowca ToOUKamu, MO3TOMY 3AeCh MOJEKY /bl
HCl n NH, npepcrapaenst gopuyaama 3.1 ¥ 3.11

H

H:{: (N:H
H
3.1 311

OcHoBHAA Wea TeopuM JIbloHCa 3aKIIOUaeTess B TOM, WI0 XHMHUIeLKad
CBf3b OGYC/N0RNEHA TeM, YTO JIBE ATOMA COBMECTIO BIAACIST ool (Hau
Gonee) napoh smextponos. Taxum ofpasom, cpass B FCI BosHMKaer
Hpu OOBEAHIEHHH B NapPy 3J1eKTPOHA aToMa BOROPOLA H OLHOTO 3MeKT-

poda atoma xqaopa lypapHenne (3.1}

H o+ G —-H:i;:n (2.
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B Apyrux, xoTs u meHee OOLIYHBIX, Cly4astX BDO3HUKAIOr JBe HIH
TPH mapul 3aekTpoHon |ypaeuenue (3.2)]

I;J + 1\.} — N or N (32

Boace Toro, He o0fsateasHo, wrolbl 2aeKTpoHbl, obpasylonime
CBA3b, NPHEAAJIEKATH ABYM pasHuiy atoman. Cywecrsyer, vanpuuep,
KOOPOURAUUORHAS 8836, 00DA30BAHYE KOTOPOH HVLTIOCTPHPYCT ) pas-
iexnue (3.3).

¥ Gyl F CyHy
F:B + :0 —- FiH:0 (3.3}
B C Mg BOVCaH,

Bee 5TH pasaMuKbieé CBSI3M, Hpocrbie (ODHMHAPIBE) HJH KPaTHbE,
HasHBar Kosarermssimu 8s13amy. ONHAKO Jdme B TaKOM TpOCIOM
HPHOIHKEHHY MOXKIHO TOHATH PAsHiie MEHKAY HCNWIAPHHIMA KOBa-
ACHTHLIMH W IOJAPHKIMA KOBANEHTHBIMA CBHAAMH. B roMOsJepibx
JBYXATOMHBIA MOJEKYJ4X Ofla HAH HECKOIBKO f1ap SAEKTPOHOB B pan-
HOH Mepe IPHIAiIeKAT aToMaM, H, CIEL0BATeILHO, B CHCTEME SEPO —
SAEKTPONB — SAPO HET HHKakoil noxspaocTH. ORHAKO B reTeposnep-
HBIX .'1B}’XBTO‘.\IHb]X MOJeKYyAax OIHH #3 ATOMOB MOMKET BOOGULO 05.‘[3118T[)
GOABIMUM CPOACTBOM K BJAEKTPOHY, YEM JAPYTOH, H CBA3H NOITOM) MOKET
cTaTh NOJApPHOH, Kak noxasaHo s Qopmy.ue 3.1

2+ 8.-
H

4.HI

CofeTBennyio OASPIIOCTb CRA3H HC CIETYET Mylath ¢ NOMAPIOCTHIO
MOJTEKYJIbl B HEJONM, HEO MOWKeD OLITL BBI3BAHO AT DDINYHUAMH,
KOTOphe By1yT paceymorTpennl B pasa, 4.4.

Ity npocrsie uieH Ghina CPOPAYINPOBalEL {0 NOARIEHHS BOJIHOBOH
aexanuki. [TokazaHo, YTO KBAHTCBAsR TEOPHA HE TOABKO NOATBEPAKAACT
HX TIONE3HOCTH, HO MO3BOMSET YCOBEPUIEHCTBOBATE M PACWIHPHTL HX.
Boabirad TPyAHOCTL MPEMEHEHHS BOJHOBOM MeXaHHKH K XUMHUECKHM
npob/aeMaM 3aKAOMAETCA B TOM, YTO YDaBHEHHS OKASLEAIOTCS O4YeHL
CAOXKHBIMHK VI PEHICHAS HX aHAKTHUECKHM H TOUHBIM RyTes. [lostomy
OCHOBHOH $yHRIHEA MOAeKYNAPHOA KBaHTOBOH MEXaHHKH ABARIOTCA
NOMCK NPHOIK3MIENBHEX PeEHHfl 3TUX YPaBHeHWH K HA Gase 9THX
HPUOJMKEHHI BhlsiBACHHe Jeficisyomus (AaKTOPOB M HX OTHOCHTE/b-
HOH Bamuoctd Oe3 NONLITOK KOJUYCCTBEUNEX acHeToB. '

rs —meinike. Al

OPUPOAL XIIMIUECKOH CBSA3H

3.2. JIByxniacKkrpounbie ¢BH3H € TOUKY 3pCNISE RBAHTOBOH MeXAUHMRU

Eciu HMEIOTCA ABA ATOMA {MList IPOCIOTHE - /(BA 4TOMA BOROPOXA),
KOTOPble DECKOHEMHO yaJieHbl IPYT OT JAPLTa, TO BONHOBAA (yHKUES
3TOH CHCTEMB! HMEET BH]

Y=1yyp (3.4)
TAe Pa— BOAHOPas (YNKINHY OLHOTO aToMa BOYOpPONA, \ p— BOJHO-
Bast (pYHRUMS ADYIOIG a10Ma BOAOPLTA, P — obuias ponHoBas (yHK-
{MA cHeTembl. YpaBrenue (3.4} cnpaBeliuBo B TOM caydde, ecad R
ORMH K3 ATOMOB HE B.JIHAET Ha APYI'Oi, UTO, eCTECTBEHHO, BO3MOMXHO 1IPH
SHAYHTENLHOM YHANEHHH JPyr ot Apyra. Kpome roro, nomias sHepris
CHCTeMsl JoyiKda Ob'Tb paBHA

EO=[, 4+ Eg =2y (3.5)

70T PesyaLTAaT MOKHO JETKO NOJAVYUrb, ecTi \paBHenus (3.4) mol-
CT4BHTL B BOJ{OBOE YpRaBlieHHE
FEp = L
FE(havp) =P F¢n -G F Ly w e Pl
-— :L1\ I Lj} 111}_\‘ WY — Entp (86)
Hponenannas onepalus COBCPLIEIHIO TOMHA, HO ONA, HOKAIVH,
fecroiesna, Tak Kak HHICPECHD GbIA0 HOYUMTE NPH PACHETAX SHEPTHIO
CHCTEMBI, B KOTOpPOR 4TOMBl BORODOAA NPHOAMIKEHBI APYT K JPYVLY H
06pasyIorT CBS3b. JUeprus sToil cucTeMbi E' Medblue, uen E°, Ha Be-
JHUENY, KOTOpYIO IascBem anepewet céasw. O1HAKO mepBas HONBITKA
OACYUTATE 3IHEPIHIO CBASH CALJEET HOJC3HBIM [TPHBEIEHHOE BLIlLe
paccy:KReHre, PACCMATPHBAIOWEe BOILHOBYIO (Y HKILKIO.
Hausnem ¢ npeanonomenns, 110 BOJAHOBAA (yHKLHST B YpABHEHUHR
(3.4) ocTAeTCH NOCTATOUHO MOPOUTMM NPUOILKeHHe, TaXe ecii aTo-
MBI GJIM3KO TIOAXORAT APYT K Jpyry. liepeminmev ¢opiary.ay B 6o.ee

TOUHOK (opmMe
P1="4a (1) ¥z (2) 3.7)

B KOTOPOH »JeKTpoH | npunumenm aapy A W sunektpon 2 agpy B.
Tenepn Aaa Toro, yToGbl PACCYHTATL SHEPIHIO CHCTEMEI, HEOBXOZAMO
PEUIHTs BOAHOBOE YpaBHeille A/ MAbIX 3HAYEHKHH MEXATOMNBIX pac-
croanui. [asa soro cHavaja upeoBpasyen ero caelyioLuM obpa-

30n.
Fp=Ey
WF P = PEb = Ep*d
S VY pdr= L S Phpdt
R WA
E

~ Ty (3.8)
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3averuM, 4T0 B ITOM mpeodpazoBanny 3anucano §*EV=FE{ ¢ fo-
ToMy, wr0 E 1pencrapaser cofolt npocTo UHCIORYIO RETHUHIY, B TO
BpeMA Kak ¥ F He moel ObITh npeodpasobatia Tak, HOCKONBKY ¥
ARMACTCH HE NPOCLO MHCAOM, d CHMBOJIOM OUEPAHKIE, KoTopas, Gyf_lytm
ApoM3BEAeHa Haj Kawoff-TiO0 ynkuved, npeodpasyeT ee B APYTYIO
GVHKUEIO.

Ha MalbiX paccTOSAHKAX 3TOT FAMKILTOHKEAH COIEPIKUT ClaraeMbe,
BRIIOUAOiNe B THYHHEL, 0OPATHBIE PACCTONHUK 37eKTPOHA 1 01 2;pa B,
paccTofHBio 2neKTpona 2 OT sfpa A, W 7, — pacCTOAHIIE MEXIY
AByMs SIEKTpOHAMH. B coyuae ecam aTOML CHIBHO yiadensl ApyT of
Apyrd, obparsole BEAUUHHLL CIAHOBATCH CTOMbL MAJBIMH, YTO HAHK MOKHO

] [ I 1 :

o1 =

Sueprun, 39
[-]

-1l

=3~

3 4 5
Mesxnagepiioe paccronatie, ¥ (B eXRHMUAX )

Puc 4.1 Kpunpe norenuyalbholl SHEPTUH \OSeKYV.AM BOIOPOIH.

NpeHedpent, Ho, KAK TOALKO a10Mbi CBIMKAKICH, 310 BEIHYMITL CTa-
HOBATCH 3HAYHTEAbUBIMH. TakHM oOpA3oM, HHCANTE1b Opasofl Yaeru
yYpaBHelHs (3.8) mpeicraniser cooil dyHKILHO MEXBAJEPHBIX pac-
CTORHMH 7. EC/AH BBIUKCAMTL SHEPTHIO KAK (WHKUKIO MeXbSAEPHALX
PACCTOANMH, KOTOPHIC MOryT GbITb HUIYHeUbl TPYROCMEHAM pellieliHess
ypasHerusi (3.8), To pesymbTathl GyiyT COUIBETCTBOBATL KPHBOH @ Ha
puc. 3.1. Taknv ofpasom watifeno, utd sHEPTHs CHCTEMbI YMeHBUIRETCH
(na ~1/4 36 npH MWHHMYyMe) TP CORUKENIHN aToMOB, o0napyxusasn
MHHEMYM 0pu 7= 1,7q,. Kpupaa ¢ cooTBeTcTBYeT OTTANKMBANHIO
4T0MOB  BOAOPONA APYE OF JPyrd; MOMKHO YBHAETh, YTO pacueTHbE
Pe3YAbTATEL CHIPABEANIUEBl KAUCCTBEHHO, HO C hOMHUYECIBEHHOK CTOPOHE
OHY MaJO HuTepecHl.
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MOKHO S ayUIEMTE  Pe3VabTATRE, WCHpaBHE OWADKY B BOJHOBOH
dy HK1mu. Y papilenne (3.7) KOHCTATHPY T, UTO M3BECTHC O NPHHALIEH-
HOCTH 3jeKTPoKa | a10my A 1 aaexrpona 2 arony B. Ha camon gene so-
FO B HeNh38 3HATL, NOCKOABKY 3TH 2JICKTDOHD HHYEM HE Pa3JuyarTCH,
H HEABL3d NPHKAE3aTh MM C CaMOore Hauanta Omite LOPO3Hb d, 4Te fomee
BAMIIO, HEBOIMOMKHO NPOCIELHIEL 38 OJHHM M3 JICKIPOIOB B CHCTEME,
colepIKaIed HECROMBKO RIEKTPOHOB. JT0 CBA3ANO ¢ TCM, YTC BOJIHOBAR
MEXdHHKa Ne YKa3lhlBaeT, e NaXxOIHTCH OHpe,TEJIEIIIibIﬁ SNEKTPONH, HO
TONBKO [OBOPHT 0 BEPOATHOCTH HAXOHKIENHE ero B aandom Mecre. Ta-
KiM 06pazos, Her GOABUIHX OCHOBAHMI VI8 HCLONGL3CBAHKA ', B Ka-
ueCTBe TPROMKeRICH BOAHOBOH (PYHKLUH 110 CPABHEHHIO C Y,

P, =Pa (2)¢s (1) (3.9)

CacjopaTenbHo, ecal Kamias U3 HHX COpaBeI/HBA B PABHOH CTernend,
HCcnoasayeMm ode Qyuxuuy, T. e,

Poon— (W1 V) {3-10)

rie Y., — KOBAJHTHAR (% HKLA.

Ecay rfenepb paccuuTaTL SHCPTHIO Kax Dy HKUBK £, HCHOTBIVSH
ypaBhesue (3.10), To ToIvUEM KPUBY WO 6 Ha DIC. 3.1, KOTOP&s, o4eBHI-
no, #ABAAe1Csd IMaUdAISIblO AY3ITHIM llpHﬁJIl'I}KQHIerV{ H VKA43HBdCT, YTO
TOTHA, KOT1a& Y4TeHa HeDARMHUHMOCTh 3/1eKTPOHOB, OCHOBHOE ApHOAH-
JKCUHe He CTOJb HepeanuCTHYMo.

HaapHeRIHe yAYYWICAHA B PE3yAbTa1aX MOMKHO NOAYYUTL O
HaMeHenuax .. B COMJACHH C (usdveckoli duTynnued; g, .. upea-
cTapiaser cobod Jullb KOMOUHAIIMI0 BOJHOBHIX (PYHRUHA Boopoia.
Hecmorps wa To uro ObAM BHeceHbl TONPABKH B HIPEANCICKENHE, WTO
Ha GONLILHX PACCTORHANAX OIHH 3ICKTPOU HE BJWSEr HAa NPYIOH, MOAHO
TAKXe 0xilars, UTe CCTH OHH TeCHOo cOHTUIATCA, TO BLIDAMEHHH 'li};\ H
Py GyiayT BO BCHKOM ChyUge KOJHYECTBEHTIO OTVIHUAThCA OT HEBO3MY-
meHbnx opfutaneit atoma Bogopota. [loaoGHo ToMy KAk uWCnodb-
3YVIOT NPEACTABNEHHEe BOTHOBOH PYHKIUEH aToMa BOAOPOIA )i MHOIO-
3NMEKTPOHHOTO ATOMA, HO IONYCKAIOT, UTO 2TEKTPOHL B PA3AHUHON CTene-
HY DR2HMHO 3KPAHMPYIOT RpPYT Apyra or 3apala fAjpa, TO MOXHO No-
NyCIUTh 3KpanHposadue u B voackyae H,. Torla mMoxHO clenarh 310
ciloBa, HCoab3ys Aasi 3(PHEKTHBHOIC 34Ps1a Alpa YMC.I0 Z* BMECTO
Z=1. B pesyaprare nonyunv Kpusvio g {puc. 3.1). Temepr naixess
SHEPTHIO CBA2M, paBHYIO 3,76 28, KOTOPas A0BO/NLHO GIMAKE K 9KCNEPH-
MEeHTAJILHOMY 3HaueHuto 4,72 gg. kI3secTHo u [Py Foe YTOUHEHHE, hOTOPOR
MOKIEO HElTOCPEACTBEHHO CIei1aTh, | J1f PacCMOTPCHHS ero Beelem [1o-
HATHE pEe3OHOHER,

B posnoso# dyarnnu tuna (3.10) Bulousnenses TOYHhE (OpMbL
$a H Y'p, AODYCKAA TOABKC ORHY BO3MOMHOCTH, 4 OHI\IEHHD qTo
0AHKE 9AEXTPOH ACCOUHMEPOBAH C OAHHM ATOMOM, 4 JPYFOH JMEKTPOH C
APYTHM aromMos. Ho; KOHewuHo, MOMEr CYIIECTBOBaTh OnpejeseHHad

!
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BCPOAITHOCTL TOFD, 4To 003 3ACKTPOHA MOTYT €J1y4aiHO OKA3aTLed Ha
OfiHOW aTOMNOH OpOUTamd. BonHoBbE (YNHKLHH, ONHCHBAIOIIME Taxoe
coctusiiide, MOryt uMerh BuI $a(l)wa(2) w ye(l)¥n(2), u Beneacrsue
TOTO, 9TG Y H |y (POPMAALHO HACHTAUHLI, HEJAL3S LPEANOYeCTh ONHY
u3 wux apyroit. Tlostomy wcmosbavem ofe, KaK B Caelyioulen BhIpAa-

JKEHUU:
Yo = Wall Pbal2) + b (D Psl2) (3.11)
Boanesag dyukung (3.10) nassana P, (KoBamelTHOH), NOTOMY uF0
OHa KOHCTATHPYET, YTC SMEKTPOHHAH fapa TPHRAAICKHT 060UM aTo-
may (B 3TOM Cydae oHa NPWHALTEXKHT B paBHOH Mepe obouM aToManm,
O0CKOJMILKY OHM WiewIdulinl); anasoruudo dywxeuio (3.11) nasope
Wyon (HOHHOR), Tak Kakx OBa npeaciariser coboll Coclodnng, B KoTopoe
nenanT BrAaA HotHwe dobubl. Cnocod, KoTOpbIM OFHEAMISIOT Ypas-
Henns (3.10) n (3.11), caeayer 3apucath CACRYIOUIMM cOpasoM:
p= (1 —~ 2 4 2}‘2)_”.’ [(! _"}\‘) Peon 1 7“l:mm] (3-12)
Tie -~ KOaghchunuerm cMeuienua, KOTOPBUY NOKasbiBaelr 1elepb, B
Kakoil Mepe HONHAR BOJHOBAA QYHKMHA CMCUIGHA ¢ KOBAACHTHOH BOI-
Hopoil pyHxumen. BaeleM Takke swopMupylolui gaxrop. Heobxozmnyo
BHIAQJANHTL HONbIUOE YHCIO VTOMHTENbHLIX BLIYUCACHHE, 4TOGHL Olfpe-
FeNlTh, Kakoe sHaueHHe A iaer Ayuinee (T, €. HAHMEHbILEE) 3HaueHHe
sueprun. Ofo 0Kasalsoch NPHMEPHO paBHLIM 1/5, 1 HOBOE 3HAUCHHME MU-
HEMYMA 3HCPTHY Teneps passo 4,10 s6. Kpusas 2 {puc. 3.1) nokasu-
BaeT 4acTh GYIIKUAN IOTEHUHATEROI SHEPTHH, O/ VUEHHOR 1P TOMOILH
BONHOBON yHKuMY Tuia (3.12).

Cpase B Modexyde H, no cymecTsy onHcana ciaelyiclin o0pason.
Brinu BRGpanbl opOuTanH KamAore atoMa Wa H Pe, Kawlada ¢ OLHHM
IeETPOMOM, I OOBEIMIeHL BOJMHOBbIE (MYyHKUHHM 3THX opfuTajiel B
BOJIOBYI0 (Y HKIHIO OIHOBPEMERIIO ABY X 3/5eKTPOHOD, a HMeHHO YA (1) X
¥ b (2} a(2)pe(l). 2Ty onepaunie HasnBaloT ClapHBalueM dJeKT-
POHOB, H MCTOR BasewtnblX cBsdel (BC) Ha3hIBAIOT METOAOM SNCKTpOR-
BHx Nap, CyIMecTByer Apyloe Baxiioe 3Hageliue STOU ONEPAldH, KOTO-
poe 10 CHX NOp Henban Oukio pasobparh nogpobuee. Bonuosyio dyrk-
IO CBAZAHIMX 3ACKTPOHOB, NMoyo0No mpOCTON aTOMHOK BOMIOBOR
by HKUHH, MOKHO OMYCATE HAGOPOM KBaH1UBbIX yHCen. Kakamu Oul 1y
Ohi/lH 3TH KBAHTOBBIE UHCIA4, ACHO, WIC OfGa CBA3ANHLIX 3ACKTPOHA Iae-
1T TOT 3Ke Hafop, TaK Kak W3 Xapakiepa ypasrenms (3.12} cacayer,
uTO WX pachpeeNeHie B IIPoCTPanCTBe uiaenTiyio. ITostony ond nomk-
Hi! OTAMYATECS 10 CBOMM 3HAYEHHNM 71, DJRA TOTO YTOOLI yACBJAETBO-
puts npuruupy Ilayay. Hasoees 370T nabop pasaguiibkix 3HaueHuit
M, ABYMS SJEKTPOHAMA CAPUBAHUEM CRUHOE WK TIPOCTO CAAPUBARIEM.
B pesyanTaTe MOKHO YCIAHOBHTL 00uice TPABAIO, 3aKNOUAKONICCCS B
TOM, UTO TOJALKO TOFAA, KOTAA NPOHCXOLMT CifapUBAHWE CAMHOR, BO3-
HHKAIOT CHIH NPATSHKEEHA i, CNEI0BATENRHO, 00A3YETCH HISKTPOIHAS
napa ceasu. Kpueas e Ha puc. 3.1 COOTBETCTBYET K3MEHEHUIS OTEHH-

NPHPONA XWMBUECKOR CBM3U 21

ARLHOI SHEPTUM UPH cOTMMKCHAE aTOMOB BOZOPOJAA TAKHM 00pa3OM,
UTO HX COHHBL OCTAIOTCSl HECTIADCHIBIMH, T. C. 3TOMOB C COOTBCTCTBEHHO
OIHHAKOBLIMH KBaHTOBRIMM YHCHamy. BuNo, uYTO CHJAH B3auMojeficT-
BUA MPMBOAAT K CHABUOMY OTTAIKHBAKIIG, W TAKOe COCTOSNHE HASH-
BAIOT PenyihCusHbiM COCMOARUCH.

OuerHjiHO, 3TH TIPHHIMNA MOMHO HCHONB30BATH AAA  OHHCAHHSA
PasHpIX XHMHYECKHE CBAICH, # ONM BPCTICTanIAIOT COOGH dbIGHCOBCKYIQ
TeOPHIO JCKTPONNLIY Nap B TepmlilaX KBaHronoll mexanuxH. Kaxue
Bot HH ObLTH B3ATHL YBa 81034, KKABIL N3 KOTOPLIX HMeeT 1o KpaftHeh
Mepe HECHAPEHHHR 3JICKTROH, OHH MOTYT COSIHHATLCH ¢ 0GpasopaninieM
CBA3H, B KOTOPON 2TH jlBa 3JeKTpoHa cnapeHwl. Hlanpumep, 2sa atoma
JuTHS (KaXKARA © Kondurypanuei t s*2s) coepnusiotes ¢ obpasoBanu-
eM MONCKY/IB Li, Npn cnapupaniy WX 2§-2neKTPOHOB, a aTOMbl XJ10pa,
umeiotine  Koudurypaumo |[Nel3s?3pi3pi3p,, coenmnsiioren, cmapu-
Bas CBOH 212,-3JeKTPOHBL

O6pasoBakue KQATHHIX CBAZEH MOKHO DACCMOTDETE T4KHM #¢ 00-
pazon, Tax, ABa aTowva a3oTa. KARIBU! H3 KOTODRIX HMeeT koHurypa-
a0 1s%25°2p, 2p 20, COSTRIITIONCT o ofpa+vioT TPOfHYIO CBA3L TpU
CHAPHBAHWH ZIEKTPOHOB 113 COOTBCICTRYINIX 2-0pOUTaARX. ABAJOPAY-
HO MOXKHO PaccMOTpeTl. Me1uienoBui pataxan HyC*:, nockonbry on
MMeeT JBA HecllapeHHbIX ACKTPOHd, TO ABA PajiMKada CoelHHSIOTCS,
06pa3ys sTHAEH C ABOHHOI cBsi3hio. CyEcTByeT OfuK CIyuaii, B KOTO-
pom nipoctoit Meron BC BeneT X RauecTBOBIIO BEKOPPEKTHOMY ApencKa-
JUBAT0 3NEKTPOHNIONO CTPOCHMA,— Mojexviaa O,. ATOM KHCIOpOXA B
OCHOBHOM COCTOHAM MMeCT Kondurypaumio 1s%2s%2p22p,2p,, u no-
ITOMY MONKIG OXHAAATH, HT0 ABA aTOMA COSAHHATCA, 00pasys ige IBYX-
JIeKTPOHHBIE CBASK. HeHCTBHICALAO, His Moxekyasl O, sHeprus cps-
3W VEAasblBaCT 1a JBOHIVIO CBS3b, 1O 3Ta MOJEKY.JJa HMeeT TaKme jBa
HecHapelblX SRERTPOITE, 1. €. Takoe couetTanHe [l}H‘KTOpOB, KOTopoe
Tp}";lHO OQCMBICTIHTE M €I 1DVIAICC HPeICKA3aThL, COHNHpanch Ha MeToq
BANCHTHLIX CBA3€R. Dra Heyllaua odyCTOBI€HA He KaKHMU-1O (ynia-
MEHTANBHBIMH oniHOKami B merofie BC, a camurxom rpySuM npufan-
wenver. ORNaxo MeToOX mojexynspueix opburanelt (MO) pase B rpy-
Gon npabaHKenHH ZaeT mnpaBuabHble pesyanTartel ana O,, Kax 6yier
NOKa3aHo B NaTLIeHnIeM.

3.3, Personane

Boanosyio ¢y uknuio [ypantienne (3.12}] MOMIIO HHTEPTIpETUPOBATE
NMPH TIOMOGLY TIPOCTBIX 3JACKIPONIEIX {10YEUHBIX} CXEM. STH TPH KaHOHIL~
yeckue gopaor (3.1Va, 3.1V6, 3.1Vs)

* 00O DANHKEION NAILIRAIOT 1PVHRY XAMHYCCKH CRMZAHHEIX ATOMOB, MAMEK-
LWYI0 OHME BecnapeRHRml HMeKTpol; Nozrody rpynna CHy ma cyuiecssy He nenserca
PAHEAACN, TIOCKOIRKY B HEH HET HECHAPEHHRX HIERTPOHOR, eCNH HMeTh B BRAY ie-
KTPOHEYI0 KOHDHTYPAlMIO aTOMA Y1Nepoga 1522522;7,?2,0},._ Hpua. peg.
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OTBEUAIOT COOTBETCTBRIHO BOMHOBRIM (PYUKILHAM
Call)pu @)+ Pa@0o(l)y  Pa{l)fa(2) +Pa(l)§e(2)

JIByXKOHEUHbLIE CTPETKH MEXKIY HHMM YKaszuBaloT Ha 10, YTO OHYM Ha-
XOAA1CH B PeSoHaHce O/RA C APYTOI HIW 4TO AeHCIBUTETBHOE 3]1eKT-
POITIOE COCTOSTHHE MOURKY.1bl HPEICTaBAste1 coBOR paspHan cHbil eubpud
3THX TpeX CTPYKTYp. KoHuenuus pesoHaHca BeChMA HOACIHA, eCNH
TONBKO €€ HPABHJABIO HCTOAKOBRIBaTh. Manekyna H. ruxoeda Hu 6 0dun
U3 MOMEHINOE Ce HOPMAALDHO20 OCHOBHOZD CYHH{ECHBOCAHLSA He HVeeT HY 021-
110#l 13 TpeX U300paMKCHHEX CTPYKTYDP. Basirete camn no cefe, onn sB-
JAAI0TCA BRIMBICJIOM, TLIOAOM HAWerc pooBpakeHis, 1o, Kak Obio 10-
Kasaio B NpeIblyiieM pasfene, MOKIIO NONYYRTL YAOBIETBOPHTENLHOC
ONMUCAHUE MOJEKYJIbl B PEUTOTOKRINU, YTO OHE CYILECTBYET B COCTOS-
HIIH, KOTOPOE fBJASC1CH THEPHACH BCEX TPEX CTPYKTYP B ONPEICACHHOM
COOTHOLISITHH.

Ilepex Tem Kak NpOAOJAXKHKTH DPACCMOTPENHE APYFHX MPHMEPOB pe-
30HAHCA, CAGAYOT CHCAATE HECKOMLK(O 3aMEYAHHI O MATeMaTHUCCKOM
00OCHOBSHHH KOHLENHNHH pEsoNAaHc4, ¥ 2Ke OBLIO NOHA3IAHO, UTO AT
H,, ecni BMecTo NpocTo \, o NCIOIb3GBATE HOPMHPOBAHAYIO () HKUHIO
(1= o APy 10 MIOJYYRRL Menninee W Qoliee 0JH3Koe K npa-
BUJIbHOMY 3HAYCHUC IHCPraAM CuacTenmbl. Ecin Wenoabsosats . ca-
MOCIOATENBNO, TO MOJYUHM l]pe3BbI‘iai‘:{H0 BBICOKOE 3TIAUeHHe SHEPTrHH.
Onuake auneidnan xoMBuHayus 5THX ZBYX BETHYHI BPUBOAMT K aliaye-
HUIO 3MHEPIHH, KOTOpAf MEHLLIE, YCM BEJHUHHBI SHEPIHY A8 Karkl1oro
CJ1aracMoro oTuedbHO. BeauuyHy, Ha KOTOPYIS 3HEPTHS CMEIAHHOTO
COCTOANHS MENLIIE HEPTHH Go.tee }'CTOﬁUHBOFO H3 JABYX 1IPOCTHIX COC-
TOATKI, HasLIaloT sxepenad pesonarca. [lpome yBulers, xax oHaec-
TECTEEHHO NOABAACTCA HPH PCLICHHH BCJHOBOFO YVPaBHENHA, €CMH B3ATL
IPHMCD, B KOTOPOM [Be KAaHOHHUYECKHC (IopMbl IHBHBaJentuwl. Tak,
st huTput-Hona NOQF sanuniesM ape KaHonuueckue gopam, 3.Va
1 3. Vo,

ARSIV
O o o Q

3 Va 3 Ve
Kaxayo us 3Tux opM MOXKHO ORHCATh BOJHOBBIME (QYHKIHAMH v,

M v, H KAXKIAA B3 3THX BOJHOBHX (QYHKIME JT0TKHEA I81b OJHY U TY
we sHepruio EY, eCau nMCUOALIOBATE BOAHOBOE YpaBlieHHe ¢ NphGIH-

MPUPOAA XUMHUYECKOM CHA3NH

JKeHHbLIM TaMHABTOHHAHOM :7{
Dttty ar
YVa WVa P
[E - - { 1{1\4_7{4\‘] dr—=
S Yy Vs dr N
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e g dt

I
"
LI

B MPeANCAMKILb, HTO kb Yvg, T8K 1 Yy YHe HopMupoBansl. Ecnp
MATEMATHUECKE DACCMOIPCIb PC3OHANC, OIMCAHNBI  Bbile, caelyer
PEIHTL BOAHUBOE YPABHEINE, HCNOAL3YS 10T AKe FaMUALTOHHAKE, HO C
JuHCiHON koMOuBannen v, 1 by M2 coolpaxenufl cmumerpun oue-
BUIHO, 410 3170 Jo.0KN4 ORTL Juuelinaa Koubunauuda, 8 Kotopoh ofa
ysens HMET CAHHAKOBBRI Bee, Teneph pacewvaipHy, 4To lpopzofiler,
eclil OTPeleauTh SHEPTH E', HCTOAbH %1V BOJHOBAVIO (IVHKIHIO:

. Coe 150) 3 (4 e g)dr
S (o $us) (v —dag)dr
g ey ff'l’\'.d”“‘l‘g Wy ) Tyl ‘|‘S e T by AT S P T Pyg T

S 1N ‘1’\.‘(5"7‘:”3.‘\”31‘]?\'(.‘1‘“‘8 ‘i":n‘ab\wdf‘i‘g Wreg Wy 6T (3.14}

Ecnn yuecTh, uyTO QyHKIHH v 2 Y5 HOPMHPOBaUbI, d BBECTH
ciaegyoue ofo3HageHns

VWL ot - gl dT =S
S Yo T dT= S ¥, dr=Lp

TO la OCHOBaHMH vpasHeHud (3.13) ypassenne (3.14) mMoxkuO nepe-
liucats B BHUE

’_EO_L ER
L T4 8§

v 0L, (3.15)

NOCKONbKY BeJuunua S, Uasnibaenas HUHTETPasoM NePeKPHIBARUS,
obrigHo mana no cpapnenmo ¢ 1. Taxum ofpasos, £ menbuie, yem
E%, Ha BenmumHy Ep,— 3HCDIHUIO pe30HAHCA ~.

PasencTeo ABYX HHICrpaloB, HAShHBaeMBIX 3IIE[J1"HEﬁ pe3oHaHCa
E ., BEDHO, TIOKA Yy 4 U Yy g SBIAIOTCA BOTHOBHME (yHKUHAMH, NPHBO-
AAIUMMA K ONHOM H Tolt JKe sHeprud. Bouee Toro, BenyuHa raxpX Mu-

* Ona mesele, MOTORMY  UTO BCe TPH BeMHUHHBE MO cBoeMY XADaktepy oOTpH-
EATENBALL.
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TErpasoB GLICTPO yMUHBLIGETCA € POCTOM PASJAUUES B SUEPIHAX, LaBae-
MBIX vy M Pyg pasienbiio B cliyyae A8\ X HESKBHBAJEHYHSIX BONIOBBIX
Gyuxund. Taxum ofpazov, ¢aburnsauds \ONEKy.Ibl 33 CYET PE30-
Hanca MaKCHMATLHA, eCsTH KaHOHUUECKH e (DOPAIL, BXOLAWHE B rudpuy,
GNM3KM N0 IHEPTHSM U JIyMIOe BCETO, €CMH OHI KISHTHYHBL MOMKNO
6bxto Gbl, HATIPHMED, CACNATE PACYCT, KCIOABL30BUB BOATIORY 10 GVHKILHIO
(pvatbvs-l-Mbyg), 1He Yy, ommewBaia bt CIPYRTYPY  3.VB.

. [\'.

0 o

R

Kis pasnuuanx cooSpakesnis (Haupumep, wro paccrosane O—O wioro
Goarine, uTOON BO3MONHO Obl10 oOpasopanue npounoli O—O-ceasH,
TOTAA KaK UPHXORWICA OTKasaTbCA oF Gogee mpounofi N—O-cpssm)
cTpyrTypa 3.VB nojukna 6bi1a OLL AMCTE HAMIOTO GOALIIYIO SHEPIHIO,
uem CTpVKTYPHl 3.Va nan 3.VO, u 3TOT pacuer ¢ HCNoJh3oBaHHeM
(Pvatvs-tAly,) He MOr MaTh CYIIECTBEHHO MEHBIUCH SHEPrHY, Yem
NoAYuwIn ORI, HCAOAL3YH NpPocTo (Yyva——Yvg).

Modseryna Bonopola sIBINETCS NPHMEPOM KOBGALHNIHO-LCHAOZ0 pe-
soranca. [Tockoneky crpyxrypbl 3.1V6 u 3.1Vs Bamun npH TounoM
ONHCAHUH CBASEH C TouxH 3peHus merona BC, oAl umeeT yacThupo
HOHHBIH XapaxTep. ORHAKO MOTIPNOCIL, KOTOPYIO BBOAWT CIPYKTYpa
3.1V6, cTporo cOadascapoBalia © UoIAPHOCTRIO, REOLHMOH CIPYKTYpPOQ
3.1Ve, Tax YTO cB#3b HE OOAATAEl HIKaKOM UYHCIOH LTS PHOCTBIO.
TToaToMy ee HABBIBAIOT HenoaapHod rosarenmuoli caasvio. Bamuo ne
MYTaTh HONAPHOCTL B HOMHDBIH XdpaKTep, X014, K COXAJICHNIO, 8 JAuTepa-
TYpe HMeeTea OG/LIoe Yucao NPHMePos Takol nyransus. Ecnon o6pa-
TUTBCA K TeTepOsIePHBIM JABYXATOMHEIM MOQJEKYaaM, TO HEM3MEHHO
Gyaen HaBRIORATD CBA3H, KOTOPGIE HMEIOT Ka§ HOHHBIT, TAK M N0 PHbL
XapaiTep. Jlaxe y uHMCTOR KOBA/feHTHOIl KZHOHHYECKOH CTPYKTYPEI
HCI (3.1a) ec1b moaspHocts CBA3M, TaK KAK B3 DASHBIX aTOMA IICH3-
GeKHO HMEIOT PAINUHOC CPOICTRO K 3CKTPOHHOIL nape, cieioBatelb-
HO, 214 Dapa NAaXoAUTCH B COBRMECTHOM BhalleHuY of01Mu ATOMaMK, HO
He B PABHOH Mepe. MoMKHO TaKMe OMANATL, W10 HeKOTOPLIH BK.JAal By-
Ayt MaBate HOuMHbe Crpykiypel 3.16 u 3.1s. Beneacrsuwe Toro uto

. 4 .. - T 3
R:Cl: == H Q. =—= H: i

ala 315 3.1n

a) BOJOPON K XJGP MMEIOT NOUTH PABHBIH NePBLIA TOTEHINAT HOHH3ALLHH,
HO §) XJ0P HMCET SLAUKTENBHO GOALUIEE CPOICTBO K 3ACKTPONY, Wed
BOJAOPOA, CTPYKTYpa 3.1 B 9HEPreTHUECKH HECPABHENHO MCHee BHIroa-
Ha H, Clef0BaTeJLHO, BHCCHI B pe3soHaHCURH THODHA 3HAYHICHBHO

1IPHPORA XMMHYECKON CBIISH a8

MCHBLIIHH BkAaZ, ded crpykrypa 3.16. flockonsxy noanas cxema mc-
[I0/1L30BAKA 31eCh B OCHOBHOM KaUeCTBEHHO, 10 OOhITHO MOXKHO HFHOPH-
pOBATH CTPYKEYPY 3.1B M CUMTATE, IO HOHUO-KOBAJEHTHHIH Pe30HaHC
B HCI nocraTouHO aieKBATHO OIHCHIBAETCH PEICHAHCOM CTPYKTYpP
3.lae.316.

MO0 NPHBECTH ele IBA TPUNEPA PE3ONANCHOr0 ONMUCAHKS, YTOGL
3aBepuTL ObCYXKIeHHe. Jro Kjaccmucckuil cyuail Gensoaa (3.VI),
A5 KOTOROro BAXKHOES ATATMEHHC NCIT O Kpamleﬁ vepe naTh KaHo-
IHYECKHAX CIPYKTYD

O—0—-0—-0—8

3.Via 3.¥I6 3.Vis 3.Vir 3.¥la

Qopupl 3.Via uw 3.VIS seasioies xopouio MBBECTILIH CTPYKTY-
pamu Kekyne, u oni BHOCAT NAHCOIBIIKI BLIAT B THEPHT, B 10 BpeMd
Kak CrpyKTypul Huoapa 3.VIe — 3.VIn sHaunicabno wenee Baxhbl.
OneHKy 3HEPIHH ['€30HAHCHOU CT4OUIIH3AINY MOMKHO CAEIATH CAENYIO-
mAM obpasoM. Ma sMmmpHuecknx JaHHBIX CPEANHX 3HEprHA 0C=C-“,
C—C- u C—H-cpsizell MOXKHO OHENWTEH IHCPIHI0 HaubGosee yCTOHYHBOL
Kanoukueckod gopmet 3.V ia (wu 3.VI6}, Tepmoxumuueckne HaMepenust
1OKasbpaloT, uro sbdexTupHas sneprun GeHsoaa na 35—40 kraa/moan
menome, JieficTBuTeARHY, TIOMpaBKa J0AMxHA ObITh BHECEHA B Peso-
HAHCHYIO SHEPTWIO, LIOICUHTAHHYIO TakuM OGPasoM, ECHH Y4ecTb,
yro MOMeKyJa GeHzona npefclapifer cofoli NpaBusbHbIl IIECTHYTOMb-
HMK, 2 CJEAOBA1CABLHNG, H PHOoTeTAuccKHe CTPYKTYpe 3.VIa u 3.VId
BOMKHEL GLITL Takuyu xe. Ecan oveniirs skepruto auis erpyrryp 3.VIa
und 3.VIB, KCnoTe3yst JMIMPUUCCKHE SHEPrHM CBA3CH, TO TOMYUAM
RaHHBIE, KOTOPHIE OTHOCHICA K MOJEKYJe, B KU10poll ABOHHbE CBASH
umetot aaMHy ~1,30 A n npocrteie ceasH ~ 1,54 A. Taxum ofpason,
4TOGB OUCHHTL SHEPIUI0 CTPYKTYP, TakuX, Kak 3.VIa wru 3.VI6, ¢
PABUEIMM JIIHHAMH CBSi3cH, HEOOXOJAWMO MOBHICHTL NPEABAPHTENLHO
YCTAHOBJIEHHOE 3HAYEHHE SHEPruH Ha BEJHUMIY, 1eo0XONAMYI Mif
pacTsEeHHsT ¥ CKaTHA PalmuvHbX CBH3eH, 2 3TO NPHBEIET K yBejddde-
HHI0 OUEHKH 3HEPruy pesoHanca. )

Mogexyny CO woxHO paccMaTpHBaTh KaK DPe3cHAHCHHE ruGpHA
CACHVIOUMX KAHOHWYECKUX CTPYKTY]:

. + O +
. D e CLO e DL D
& 3VIia RIS 3.Viia

[Tosuar VCTAHORWA, YTO BCE TPH CTPYKTYDHI HMEIOT NPHMEPNO OAHMHA-
KOBYHD JHAYHMOCTE, A ITO HAXCOAHTCA B COOTRBeTCTBHE ¢ 0 IIH3KHEM
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AHNOABIBIM MOMEHTOM nOTeR YL (0,1 D), xoTq ouenn KOpOTKas JJ1uHa
cBa3d (1,13 A) wmorna nmpuBectw K RPEANOI0KEHHIO, YTO CLPYKIypa
3.VIIB useer npeobaaiatwiiee 3navenpe. Maaotl quuoTsUbI MOMEH T,
BEPOATHO, MOXKIHO OGBHCHHTL MajblN BKA4IOM cTpyxTyp 3.Vila 1t
3.VIIG, ecan yuects UOTAPHOCTD, OOYCJAOBAEHHYIO \IOMEHTOM HERoIe-
JMEHHOH 12phl SJeKTPOIOB (CM. Fi. 4),

B sakmouenue caenyer pacemorpers OWNOKYK, CBASAUNLIE C Npe-
CTARNCHAEM OTAEALHBIX KAHOHUYECKHA (BOPM B BHAE (DH3HUECKH peankHo
CYMCCTBYIOWHX CTPYKTYP. KoMOHHHpyeM Ape niH Sojec BOJHOBbLE
QYHKOUH, © Tem 9Tolhl o5iLan ROIHOBAN BYHRUUS MOMIA NpPEACTARKTS
PasTiuKe B PACTIDEIENEHUH 3JCKTPOHOB OTHOCHTEIBLHO (PHKCHPOBAH-
HOTG K HOCTORHHOIO CKe.eTa siep atoMoB. Ternepb, ecin Takas no.e-
Kyda, kotopas npencrasiena qopuydaci 3.Va man 3.Vé, gas NO7
CYWIBCTBY €T PEANLHO, CIeYe1 OMHAATD, 4TO paccrosinpe N=0 10.1%0
ObITE 3aMCTHO Kopoye, uex paccTostue N—O. Tak, 3.V6 ne somer OLITh
HoiyveHo U3 3.Va npocio nepepactpeseneruen 3MeKTPoroB. [Ipuiu-
N10CH Obl TAKIKE TIEPEMECTUTE SAPO B CKeJETe MOJEKYIbL, HO 9TO JefcTBue
e YKAAILIBAETCHA B PAMKH KOHUETUHA DE30OHANCA B neaoM. TakuM o6-
PA3oM, CTPYKRTYpH 3.Va u 3.V6 He woryt npefcrapurn PEALE IO MO~
JeKyJy, a TOJbKO THmOTeTHueckyw. B nocaeiyiomen PaCCMOTPenny
TEOPHH MOMCKYIAPHBIX opbnTasell GyAeT IPUBEJEH ATL1CPIATHBH I
H MOXET ObiTh B HEKOTOPOM OTHOIIEHHH Godee PeasucTHIHb METO,
JAKHIHA ‘1€ e Pe3yibTaThl.

3.4, Daeprimt Bosdya: e (rEpostoTapOBaHITH)
T BATEHTHRIE COCTOHIN

B ocHoBHOM cocTosuHu  aTown YOIEPO1a UMEeT KOH(PHIYPALHIO
15%25%2p.2p, u, CAEAOBATENLHO, HMECT TO.TBKO HBA HCCTAPECHHBIX 3A6KT-
pona. llostomy, wameTesd, caetoBaI0 Obl OMUIATL, UTC ¢ atomamyu X,
HMEIOWHAK OJMH Hecntapennbiid saertpon (M, F, Cly 1. a.), Hauboace
YCTOHUNBLIC MPOM3BOIHBIE €I0 IOMMHB! OLLIM Gbl Gl1b THII4 CX,. Ko-
HEHHO, 5TO MPOIUBOPEUHT haKTaM — ero GoJee YCTONMHBLIC COeTNHeH S
C T4KHMH aTOMaMH 00.18/ai0T CTPYKTYPOl Taua CX ), manpumep CH, u
CCly. Yrobur obbacuuts 310, CHENYET NPeTUOTOKHTL, Y10 3JAeKTPOol-
Hast KORQUIypallus aToMa YIJEpPoA2 MeHseTcs rak, Yro TOSBASIOTCS
UETBIDE HECITAPEHHBIX 3JEKTPOHA Hepel TeM, KaK OH COSNUHSETCH C
UETHIPbMA aTomamu X. 118 TaKoro 4eTHpeclHioBOre COCTOSHEA MOK-
HO 3aHNCaTh SMEPIeTHYECKH HH3LYIO KOHPHrypauuw | 22 s2p.2p,2p .,
M TakoH wOHUIYyPaLMH  COOTBETCTBYET JHCPrus, nOPHMEPHO 1A
97 kwkas Gompwias, wenm |22 $2p.2p -xougurypauun. Urobe no-
BATE 1IOYEMy, aTOM YFACPOAA TPUHOCHT 31y JKEPTBY  CLAGHIBHO-
CTH,  pacCMOTPHM  AHArpaMMy ypaBHenuil sneprum A4  MeTana
(pHc. 3.2).

e

MR <t

TIPHPOIA WWMHUECKON CBAZH BT

Suraanius  obpasoanua  CHy(r) wus C(r8) m 2H,(r) papna
—18 rrarimoss. Orpenviinie crynenu odpazosanun CHg{r), npu no-
MOULH KOTGPbIX MOKHO HPOZIIAIHIHPOBATL LECh UPOLECE B LEJOM, MpH-
BEASHHI HA MPARONA cTOPOHE PHCYNKa. CHayana derhipe aToMa BOAOpPOIE,
Kb ¢ Hecnapenybihl #ICKTPOHOM, HEOG_\OIIHMO nosyuiTh M3 2H,.
3aten rpadut nomxken GbITH HCNapeH ¢ 06pasoBalveM aToMOB yriepona
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Puc. 32 Nnarpamva, HORIOCTPHPS OMas pasIndibie 3HEPTHH Bo3OYMILHWT 1ph
' ' ofipasosanan Chly u Cll,.

B HX OCHOBHOM COC108BUI, Wio no1pedyer 3aTpaTl 3HepTHH L;’ Fas?oﬁ-
pasublil yraepol Komken ObiTb BO3OYKIEH o coctomnusa sp® (coxpa-
iwedno suecto | s%2s2p.2p,2p0 ., uTo TpedyeT, KaK yixc 61;1»'1‘0 “yuo.\m-
nyTo, anepruy E,=97 xxar. OIHAKO aTOM yIIepoia B 3TOM COCTOAHIL
ele He Cl'IOCOﬁEH JIeTKO oﬁpasosbma [bL CBASH — OH €HIe 11{0J])KEH BQ3-
GYAHTHCA (TPOMOTHPOBATHLEA) IO CBOETO YETHIPEXBANIEUTHOTO E:OCTO\HHH?I.,
odo3HayeHdore V, (UPIYHABl 3T0TCo GVIYT B ,’IPTBJIHX’II(OS}T\&‘ })aL:’IMDI-
pennbi, npu paaGope BONPCCOD TROPUAK3ATIN}. SaTem 0Gpasy lO‘I(iﬁ 1CThI-
pe CEAZH C 11&‘.’1!:1[)}.71\15:] AT0OLIAME BOIIOpo:la, Ilpld FTOM OIZB06&.’0’1(,[}[,-(11!;TCF{r ](E)-
JHYECTBO 3NEpril, COOTBRTCTBYHOLICC MHEPTHH UBTHIPEX —_ —-CBHSEH.
I'IECMOT})H Ha T0 u10 ofasn anepnm,‘apeﬁyemaﬂ ;18 CTYIRIIAX OT :"IPIC-
coumauun 2H, mo npomorupananns C(r8) 1o CIV,], pasBa upuiepuo
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560 xxaa, obfiuge 3aTPathl $HEPTHA GIATCHPHATCTBYVIOT HPOLECCY, TdK
KaK 00pasVioTCH UYeTLIPe NPOoUHBIE CBi3H. Teneps paccMoTpHM ofpaso-
sanue runorerideckoro CH,. Yrofer ato npousonno, Hec0xoaumo,
urobel MosieKyna H, npojuccouuuposana na 21 u rpadur Owia Oul He-
NapeH TONbKO A0 oCloBHOFO coctosuua atoma G{l s°2s%2p.2p,), Tax
ytofel ofUlan 3HEPTHA BO30YKAEHUA (NPOMOTHPOBAHUA) COCTABARNA
TOMBEKO ~275 xkaa. OHAKO, ecad Aaxe ACUYCIHIb, uio aHeprus C—T-
cenzeit B Cl, rakas ke, kag u B Cll; (a cyuecteyior yoeaurenniie
IACOBOAB!, UTO OHA MEHbILE), TO KOJIHUeCTBO DHEPIHY, BLIIEJTHBINERCH NPH
nfipa3oBanui cAsell, COCTABUT TONBKO ~ 289 xxaa win Menbite. T agum

‘oBpasom, pearnus C{rn} -H,.{r)=CH,{r) menee Onaroupusitna, uem

Clre)+2H{r)=CH,(1), xoTd B noCIeNHeM Clyyae H Tpeiieics Goab-
I35l SHCPTUs BO30VHICHHA,

Iepex Tem KaK OKOHUUIB OOCYHKJCHHE FTOFO BONpoca, CJed)eT cxa-
3aTh HeCKOWIbKO GIOB O BaJeHTHOM cocrosiiuy. OHo SIBAAETCH He HCTHH-
HLIM CTAIGIONaDPHHIM COCTOSHHEM aToMa, KOTOPOE MOKHO Hellocpesct-
BERHO HabMOAaTh SKCLIEDHMEHTaNLHO, N0 CKOPee  IHIIGICTHUCCKHM
COCTOSIHHEM, IHEPIUI0 KOTOPOFO MOXHO BbIUMCIAUTD NPH HATHYHE A0CTa-
TOUNOH UHMOPMALHA O HCTHHHBIX CTAllHOHAPHBIX COCTOAHHSIIX. TeM e
MeHee 010 AIRJfAeTCa MoJe3HOoH KOHUEenUell, # IpaBo 11a HICNoNb30BalHe
cro GyJer oK Penaeno B Aadkiedines, npin ofCyKAeHAH I'HGPHLB3aLNY.

3.5, INpirreprrit mepeRpuIRamira 11 MpoynocTs cRaneil

JIyuuiaM TeopeTHUecKHM KpHTEPHEM, KOTOPWH HMCCICH NJaA mpotu-
HOCTH CBA3H JAHHONA 3J€KTPOHHON NMAaphl, ABNACICA, KOHEUNO, IHEPTHS,
ocpoboKAaIiasacs npu ofpasoBanuu cessu. ONiaKo U3 NPeJBIAYIIErO
BHJIHO, YTO Jaxe B npocToM ciayuae I, Tpefyiorea HoROALIO JTHTE)-
HBIE W 1PYAOEMENe pacyeThl, uToOul NONYUNTL Jaxke HPHGAMKEHHOe 31ia-
yepMe 370l 3HCp1AN. OueBRMAHO, KemdaTenel §o0Jee UPOCTOA, Haye Me-
Hee TOUNLR Kpurep#l, ¢ Takofl KputepHi cyvigeersiet. [oauur n Mas-
JUKCH VCTAHOBHIH, UTO CUTh KA4CCIBCHHOE, a TIPH [HeKOTOpPBIX BROTHE
ONPEeARdCHHEBIX YCORKHAN JasKe N0y KOJAUUeCTBRIIIce COoTHONIRIHE MEHK-
Ay 3HEpruell CBA3H 1 NepeKphiBaHueM aToMILx opbuTaneil, obpazyio-
(KX CBA3Sb. HCTPYAHO TNOUATL, NOYEMY XOPOILEC HEPCKPBLIBAHHE ClIO-
cOGCTBYET NPOYHOCTH CBA3H: 4eM Oojblue ABC CBA3LIBAOitHE OpGUTanNH
NEPEKPBIBAIOTCSE, TeM GONbIe KOHUEHTPHPYIOTCS CBS3LIBAIOLIRE 3JEKT-
DOHEI MEXY $APaMH, BCJACNCTBHE YErD YMEHBLIAETCH B3aHMHOE OTTaj-
KHBAalKe ANCP M 3a0AHO BO3PACTAIOT CHILI IPUTAMKEHHS MEKAY 3JEKT-
poHAMKE M SLAPANH.

TicpexpuiBanie S MexMy 1ApoH aTOMHEIX OpOHTaICT ONHCHIBAETCS
YpaBHERHEM

S={papuds (3.16)

—a g
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H S HA3LIBAIOT UITErPanoM NEPEKPHBAIHA. DTOT HHTETPai MOXKET HMETh
NOA0KHTeNBHOE HIH OTPHUATENhHOE 3HAYSHHE HIH OWThL TOYHO pAaBeH
nymo. Ecait ero sHaucHie NOTOKHTENBHO, 10 MEXAY AXPAMM MNOBbILiA-
eTCA 3MEKTPOHHAN NJOTHOCTs M MOMCT 00pA30BATLCA ¢BA3b. Lo HH-
TErpan nepekDBEIBaHiA OTPHLATCICH, MUOHKAY SIAPavH HEIGJIIO,ILE:IG.TCH {10~
HAKCHWE 2JEKTPOHHON TVIOTUOCTH. 3T0 VBEeJHYHBaeT OTTAJKUBaliMe
MEMNY HMMHE, H OHH OTXOZAT JPyT o1 Apyra. Ecian aaterpal nepekpe-
BaluHs pagel Hynmw, 10 HHKAROI? CIIL’LLHCIJH‘IUCI\'_OFO BBHHMO,HEF‘EC‘IBHH
Het — Hil HPUTHKeHHA, HH OlTAJIKHBAHIA. Taxun 06[)&303[, B HCHAOMb-
30BAEEK KPUTEpHA [epeKphIBaliHs CYIIECTBYIOT Ike cTaguu. Flepeag
BAKIONACICH B KAUSCTBEHHOM PEIIEHHM BONPOca O HANHUYHH TONOXH-
TENBIOTC, OTPHUATENBHOIO UM HYJeBOro nepexphiBadus. Ha BTopoi
CTaJBH, eC/JH YCTAHOBIEHO IMONOMKHTENBHOE NEPEKPbIBEHAS, MOMHO
Y3HaThk e€ro BeJHUNHY Afis TOrG, uTOORL OUeNlIBTE NpPOYIOCTE CBH3H.

KauecTpetnelfi Xapakrep nepexpuizannga roollie MOKIIO OMpeleniTh
HCCACI0BAHKCM POCTIIX MOASeR aTOMHLIX opOHTaned.

ITpumepn npuseleHsl Ha pue. 3.3, TlepexpolBante, 11OKasaiHoe
Ha ¢cxemMax a4 -—— &, NOJOMKHIETEHO, & Ha CXeMax d—3— OTpHIATEABHO.
Crnenyer oTMeTHTL, UTQ B KaXK1OM W3 3THX NPHMEpOB BeqlHYiHA H 3HaK
HePEKPLIBANHS 3aBHCAT OT MEKDLAISPIOro pacCTOAHES H OTHOCHTENb-
HEIX pasMepoB opbutaned. lipefacrapicHable CuTyauud TakoOBHl, YTO
opOATATH B HUX OONEAAICT PASMCPEMH, CPABHUMEIMH C MEXDbIePHBIMHA
PACcCTOAIMAME, ¥ PajMephl BHIODANBL TaK, YTOOBl OHH COOTBETCTBOBAAl
THIHUABIM YCAOBHAM 119 Peasbio CYIECTBYIoNNX Moderva. Tak, ecnu
B @ OLHA W3 OpOHTajel OyheT MHOTO 6ojlblne APYrofk [B TOM cMBICHe,
U10 MAKCHMYM ¢€ PaZHalbHOrO pacnpefeneHus {(cM. puc. 1.6) sHauu-
TENBLHO JAIBLIC GI1CIOHT OT fA1pal, TO ee AOJOHKHTENBHAS YACTh MOXKeT
JIePeKPHITE OTPHLATENBITYIO JACTh ApYrofl opfuTanu Goablile, deM I1od0-
JKHTCABLHYIO 4aCTh, YTO B Pe3yIbTaTe NPHBCACE K 01 PHUETCEBHOMY CyM-
MApHOMY NepexpLisanun. Mrax, no mMepe yMeHBIIEHHA MEHKDBANEPHOIO
paccTosHus foCNe ONPEACICHHCH erTo Be HuMns! ofliee NepeKprBAHHC
CIMPEMUINECA K YMeRotiieH i, BO3MOKIIO CTAlOBACH JaMe OTPHUATERLIEIM.

CyllecTBYeT MHOTC C/TYUAeB, KOTJa MOMKeY OniTh MPEACKABAHO TOULO
HylleBOE liepeKphIBaHKe, BHE 3aBHCHMOCTH OT OTHOCHTENBICTG pasnepa
opOuTanell v MOXKBAIEPHEIX PACCTOAITHA. DTH NPeACKA3A1HA BHTEKAIO]
U3 céoticme cummempuy opbutaneil U, CnelonaTeNbHC, HE 3aBHCAT Or
MacuItaba, Tak KakK B 3THX CIViaax MAoMaaH (00ReMLl) NOoK0KATeTEHO-
ro H OTPHUATEJSLHOIO lIePeKpBIBAHMA BCelRa mouno pashul. Tenepn
SICHO, IOUYeNMY BaxkHa He TOAbKO o0wasn GopMa, HO ¥ 3HAK COOTBETCTBYIO-
ulelk yacrty opOuTanu.

Puc. 3.4 maer uernipe npuMepa; B KOTOPHX ofiliee NeperPbIBAHHC
LOJLKIO OBITE PABHC IiVJI0 TOALKC H3 coolpamentli CHMMeTpHH.

Ecnn uneer MecTo nepekpuiBanie, He paBioe HYJI0, TO BeChMa Y&CTo
He0GXONMMO CUEHHTE eI'0 BEIHUKHY . ITO MOYKUO BLINONEUTL AGACTaHOR-
KXot Y5 H Pp B ypapHenue (3.16) B BuIc ¢yuruuil NPOCTPAHCTBERHBIX
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KOOPIAKHHAT OTHOCHTEdbHO auep A B u satem MOCTE VIO HM HI[TE‘.[‘[)B-
poBaHueM. AareSpanuecky 10 TPYNOEMKO, HO B HACTOSMIECC BPEMS Cy-
mEeCTBYIOT TaGIMibl |1l ¢ HHCTOBLIMI BEJMUMHAMEI NepeKPHIBANHS A5
napaMeTPoB ¢ HanGolee HACTO UCNOALAYEMbIMA 3HAYCHHAMH. Takumu

=" 2 -
[4 'n‘?ﬁA z 8 + F 2
Pe=p,, 85=0 P,~,, S=<0

dxz‘_pr 5=0

P e, 3.3, HexoTophie XapaxTepame cayuan HMONCKATEIBHAOTO H OTPHUATENBHOLO
HEPEKPLIBAHISL.

NapaMeTpaAMH ABASIOTCSH pasumepsl opbutadell {KoTophle 3ABHCAT oOT
sPeKTHBIIOrO 3apsa Nipa) H MEXBAASPIRIE PACCTOANNA. 3TH TaBIMIb
OLLTH  pACCYMTAHLI € WCMIOJABL3OBANHEM MPOCTHIX  SKCICHENIHANLHEX
BeIpaxkentR (3.17) ann pannanessX daxropos R (r) opburadefl (cm.
crp. 25), Koropble ObWIH OPEIIOKeEHB MHOTO aer Hasay Caefitepon

R(ry=Nri=1e™" H (3.17)

MNErHPCIA XHMHUECKOR CBA3H m

Op6uraty, KOTOphie HCUOIbZYIOT OOLIUHDE YLVIOBLIE MHOMHTENH, [O-
JYUeHHBle PeILeHKCM BOMHOBLIX YpaBlienuii And BOZOPOAA, HA3bBAIOT
NPOCTHIMA PANHATLHEIMA PYHKUHAMY U CACLINENOFCKN20 Muna opbumana-
Hee {CTO).

B BreipameHus Ans paaunadenol vactu CTO N — Hopuupyomui
MHOZKHTEAb, 72— [JABHOE KBaNTOBOe YHCT0, ay — OOPOBCKHI palHyc H

B &

P uc. 3.4, Cxematuueckoe npelcTaBlelie HEKOTOPEIX CAYYAeh NepekpotBaing,
KOTOPHE 10 TPeSOnasnaAM cHuMeTpHi Panibli HYJII0.

it — pynkuns sddeKTHRHOTO 3apsia sapa IS SJeKTPOHA Ha pacemar-
puBaemoil optutanu. Caefitep Npelioxu] npapnia otfopa sHaYeHWH
b ATH COrNaCOBaIlt FHCPIKU G]}GHTH.."{E‘}UI C JKCHEPHNMEWNTAJBIBLIME JaTi-
HEIMH. O,-IH&KO JLAS1 pacuctcen NeperhhBaliis I'opas3;lo Baxdiiee, UTOOB]
(opma opurany B ee BHemnell obiactu (B xoTopoii HabgosasTes 1e-
peKphiBanKe) Oblia BO3MOMHO Onue K HCTHHHOH ¢opme opburany.
Bootime CTO gaer roynoe Npudaixenite TOALKO B OTHOWCHUH POPMEL,
Kax nokasaxo na pue. 3.5, va koropon 3d-opGuraan Cri+ no Xaptpy —
$oKky cpaBHMBAETCS © OpbHTANLI0 caefiteposekoro THna. Taxum ofpa-
30M, NepekpblzaHie, PacCUMTAHHOE ¢ ucnodbsoBaHuem npoctuix CTO,
ABAReTCH rPyObiM npromumkenued. OIHaKO MOXKHO COCTABHTL TUHEAHYIO
koMOuHaHo nedoapioro uneaa CTO rak, 4tobe 1obHTes oYeHb GTH3-
xoro npubauxenus gopmsl opéurtann [2). [lepexpuiBanye ABYX opfu-
ranell, Kaxas U3 KOTOPbiX BHIParKela KoMOHHAlKeN HECKOTBKUX (CKa-
Kew, pou g) CTO, MOKIO OLeHNTD PACCMOTPeHHEM HeODXOIKEMOTO Hiicna
(B ofiieM pX¢) nepekpeBanMi no TabanAuaM, YNOMAHYTHIM Bhiilie.
Takum o8pasoM, B KOHEYHOM HWTOIe NPW ITOMONH TabAaHL MOKHO Oes
0CcoBoTo TPYA NOACYKTATL NePeKPLIBaHNEe TOYHLIX (T. €. o XapTpy —
dhoky) opburanelt Ijsa arTomoB.
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Htofb yCTAHOBUTE JefiCTRUTENbHYIO SHEPTHIO CBA3H, HCHOABIVH
TONLKO KPHTEPHA NEPeKphiBaHNA, OCHIYHO NPHOETAIOT K METOAY MuJe-
KyASAPHBX opburaneil. K 310vy Bonpocy npuiercd Bepiy (LCH llocae
1010, KaK GyIeT paccMOTpel MeTO] MOJCKYJIAPHLIX OpOHTANCH.

1.0

05

Puc. 35. Cpasuenae 3d-soanonoll dyormi A1a uona Gi*t nmo Xaptpun — Doy
) € aBaNOTHUGCH ¢¥DELHEI CACHTOPOBCKOIO TR (—— ~ -,

3.6, 'ubpupmsanms

[Tpu oGcyRaeHuy sueprHd Bo3OyxJeHUsT (POMOTHPOBAHUS), 1pe-
Oyioiefica A5 NMepexoia artoma YIAepoia M3 IBYXBAJCHTHOTO OCHOB-
HOTO COCTOARHA §°p% B 4eTHPEXDAJeHTHCEe COCIOAHHE, HeobX0auN0e A
00pa3oBARUA HOPMaABHLIX coefHHeniil (wanpivep, CH,). 6nwta yno-
MAHYT2, HO HC o0BACHCHA AcHO 3Heprus £, na puc. 3.2, xotopag tpe-
f6oBanace A8 BOAOYKISHHS aToMa W3 HAOJIORAENMOTO CTALHOHAPHOIQ
COCTOAHHA, OCHOBAHHOTO A KOHGUTYPALEH $p2, B COCTOSIHHE, KOTOPOE
H23B4HO BAREHTHLIM coclontyeM V,. Kondurypauus 2s2p.2p,2p,
cfo3HauUCHA 34ech COKPAIEHHO Kak Sp®. Mrak, B COOTBETCTBHE C Tpen-
HIECTBYIOMHM 06Cy KIeHHeM, eClIH OZHI aToM, CKameM A, ¢ opOuraisi
W4, COTEPIKAUIEH ONHH 3JEKTPCH, AOMKEH o0pa20Bath Haubomce npoy-
HYI0 CBRE3b ¢ Apyrum atomon B, 10 oce A — B pomkia npoxoiuth mo
HalpAaBJENHIo, B KOTOPOM s HMEET MakCHMajibloe anayenne. Taru
o0pa3oM, ecIM B aTove A JosKia OBTh HCAGIE30BAHA €T0 2 -GpOUTAE,
MOKHO OKHAAThL, 470 ock A — B GyAer coBlamaTh ¢ ocblo x. Has
S-OpOHMTANH, eCTCCIBCHHO, BCE HALPABJCHHA pPaBHOLEHHB!. Takum odpa-
30M, CCJTH BaACHTROE COCTORHHE ATOME YIACPOZa 118 CaMon Aene Cof-
HafaeT CO CTANKOHAPHLIN COCTOSNHEM 252p.2p 2p., MOKHNO OXKHIATD,
YTO TPH aToMa BONOPONA O0PasyIOT CRASKC P, -, Dy- H P -OPOHTANAMA H,
CIeoBaleabHO, OVIY1 «€KAaTh BAOAL 0Ced X, ¢ u 2. YUeisepreiil atom
BOJOPOJA JosuKeH OB Ob 00pa30Ba1b CBH3L ¢ $-OpGHUTaNbID H, BEDOAT-
HO, HAXOAUNCH OBl 11a paccTofiliK, PaBHOYAANEHNTOM OT TPeX APYIHX.

370 ranoIeTHYecKOe COCTOAIHe NoKa3ano ia puc. 3.6, Jlerko same-
TH1B, WTo Tpit yraa H;-C-H., H-C-H; 1 H,-C-H; pasuer 90" u Bre Tpu
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ONMHAKOBHX yraa, nogobumx H,-C-11,, paenet ~125°. Kpowme Toro,
NOCKOABKY aToxul F,, Fl, u H, cpasanu ¢ aromoM yeacepoia p-opbura-
JAMH, BCE 1M IPH CBA3H A0TKHEL OLLTH Obl OLITL SKBHBAJEHTHH H,
CACIOBATRABHO, PABHLL 110 JUIMIE, B IO BPeVSl KaK HeJL3s Ouuio 0XM-
Jath, uTodp cBasb C — H;, ofpazosaHHas 2a cuer s-opbuTanu, obna-
nana Obi Takol xe gnunofi. O(HAKC ¢ NOJOHON ONpPeienCHHOCTLIO U3-
BECTHO, YIO MCTAH He 00J31a0T TAX0W CLPYKTY pod, B AeHcTBUTENBHOCTH
Bce Aanibt esazell ©— H u Bee y\TUTIA MexETy HITVH PaBlisl, & MOJEKYJ/a

’
h

/ i
O&;

P c. 3.6. Feomerprueckas CIPVELY 3 WeldHd, hOIOP: IO OO JOMLEH G611 661 HVETH,
ecay O aTov yriepora npH ofipasusaiin C-—H onsen ponoThaorak MHCeThe Bo1o-
poatbie opfutain u opluiain 25, 2oy, 2p, 1 2p,.

npeacTasager coboll NparuaLHBI TeTpasap. Mz aToro MoxkHO caenathb
BBIBOJ, YTO BAJIEHTHOE COCTOAINE YIAEPOAa TaKoBO, UTO WETHpe ero
Ba/JENHTHLIX JEKTPOHA 00pasyloT YeTHIpe 3IKBHUB&NEHTHbIE OpOUTAIH,
KOTOPHIE HATIpaBAeHII K REPIIANAM TeTpasipa. Taxoe BaneHTHOE COCTOM-
uve W ofoznaueno Kaxk V,. Crnelyionuiil Bonpoc 3akaiodaeTed B TOM,
KAaK MOXKHO BLIPA3HTH Halop AKX ShBUBANKCHIHBIX obOuraael npH no-
MOMIN DCHOBHOTO TTadiopa Boaopoiubix oplOulaach: 2s, 2p., 2p, u 2p .7

Ecin umelotest ueTLIpe COBepUleHNo 3KBHBAJeNTIREe opOuTalH,
KaKaafd M3 HHX JOMMKHZ MMETh OJWHAKOBYIC AN §-xapakmepa (Ha
OJHIY 4CTBEPTH) W OIMHAKOBYIO HOAIO p-xapasmepa (Ha TPH UETBEDPTH),
NpUYeM BO3HEKAOIAA TpH S5TCM OpONTane JoAXnua OHTE HOPMHPO-
paka. Moo npouseonsyo BRMOpATh Hanpaslenke OO0R H3 TAKHX Op-
Guraneil, TanpasyB ee, HANPHMCD, BAOJDL OcHd 2. HH p., HH p, HE MOTYT
BXOJMTH B 3Ty OpOHTAAL, TAK KZK OIIK HMCIOT TOUHO 3navenue 0 no ocu 2,
It OTCIDIA CAeAYET, UTe ¥1a OPONTaAL HENHKOM COCTONT H3 5 H p,. Cae-
JoBaTeJblo, ee ofinas (opMa NONKHEA HMETh BHI

Nis+kp,)
re B — xosthdUIKEBT HAJOXeNHA, KOTOpHIl eme Jomken OwTh ycra-
EOBJICH, H N — HOpMupyoOIUKi MHOXHTenh. MOXKHO N0Ka3aTb, 4TC

kZV3, TaK KaK BepOodATacCTb, YTS 3ACKTROH obnanaer P o-XapakKTe-
poM, B TPH padsa Gonbine BEPOATHOCTH TOT0, HTC SJICKTPOH OGna,zlaer
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S-XdPAaRTEPUN, H 3TH BEPOATHOCTH APONOPUHOHAIBHBL  KBaIparast
BOANOBHX dyvHKUHHA, 1. €.

S (ki) dt
S crde

M IOCKONBKY P, H S HOPMHDOBARH! Topodnk, To k=] 3. 3uavenue N
NeTko NalTh nopmmpoBatinen {s4 ) 3p,), 1. e.

c [Nis - F ’sz)]‘id’r —1

-1

M IE stdtv -3 S ,fJ;'rET]
N1,

- 3]

OpH 3TOM HCHOMB30BAHE THKKC OPTOTOHAILHOCTL S- H 7 ,-0pOHTael.

Bolpamenna LA APy I'MX OpOHTATel SKBHBANEHTHBl HANNCHHOMY;
HANPABJICHHA [PaHUUHBIA TOBEPXHOCTEH 3THX OpOHTalefl obpazyior
yron 109° k ocd z. ZTi BEIPAMKEHHS MOKHO N0JYUATE aHAJNOrHUIBIN Pac-
CYAHEHHCM, HO TPHTOGHOMETDHUYCCKHE CACMKHOCTH ASJAaKT NPaKTHYeCKH
Helle1ecooBPa3HbIM PAcCMOTPEHHE UX 34ech. {BBBOT Al GATHOTO HA-
fopa reex opOMTatefl Oylel J14H nosike B GOMNEE INPOCTHIX CIyuasx.)
2107 HaGOp Ye1bipeX YKBHBANENTHO HAlPaBAeHHEX OpBHTaIel ABIACTCA
npunepon Habopa eubpudnsix opbumasert; STA UeTbipe opbuTanu ofby-
HO HaseplBapT Sspé-redpuiamu 408 toro, urofbl YKazaTh Hx CTpoeHdye,
BHIP2;KEHHOR [PE MOMOULH aTOMHbIX opdiiratelt BoAopoia. B ofibmHonm
ynoTpedaenuH, XoTs AOBO/JALHO HETOUN0, TOBOPST, 410 aToM YIaepoia
«HMeeT spE-TAGPHIM3aLUION.

tlepex rem Kak nepefith K aadkpnefuuemy obcyKleHHIo rEOpuIH3a-
UHH, HONOTHHM oObACHEHHE CNHCAHHEM PAZTATHS MEKAY BAJCHTHDLIN
cocrognueM V; u crauHoHapHuIM cocrosinuem sp®. UtoOnt BoaGvAMTE
4TOM YIVIEDOAA W HepeBeCTH €0 W3 CTALHOoHApPHOro COCTOHHHA sSp* B
BANENTHOE COCTOANRE, POBOIAT 1Be omepauus: 1) s- u ipu p-opOu-
Tany IAGpHM3vIor ¢ fes, uTohul obpa3zopaTth uCIbIpe spi-THOpHIE,
KAM Bl U3 KOTOPHIX 3HCEICH OIIHM SJICKTPOHOM; 2) NIPON3BOAAT npe-
HMYILEeCTREHHY 10 OPUEHTALHIO CIIHINOB 3THX 3,1eKIPOHOB, 00VCI0BISHHYIO
B3AHMOICHCTIBHENM CHHUOB MeX Ay coloil Uil nX MBHXKeiHeM No opbuTta-
JISIM, TIPEIOCTABRJSAST WM COBEPUIEHHO CBOGOHHG, CAYYANHO K JOTKO coe-
AWHATHCA B UAPH €O COBHAMM 2JAEKTPOHOBR Zpyrux artomos. Ofa M
iponecca Tpe0yioT BRIAAA SHCPIHM, TIpHYeM B 3TOM ciIydae obiiast
IHENTHA COCTARAAET ~ 0D Kxa.ife-amom. OTMETHM BHOBB, 110 BANEHTHOC
COCTOSHHE BOODIIE HEUICHTHUHO CTANMOHAPHOMY COCTOSHHIO aToMa M
Hlesd o ¢BO30YMKIEHHH BAASHTHOTO COCVOAHHAP NPEICTABIseT cofou
TOABKO MBICJACHHYIO KOHCTPVKINO, KOTOPAA nNOJesia MpH paccMorpe-
nmi Boupoca of obpasoBAlMH  CBABH.

OLPNrPoTA XHMUHECROR CBASK 05

Teneph BepHeMcs K CHCTEMaTHUYECKOMY PACCMO1DeNHie rabpuamusa-
LMK, TpHUeM HauHeM ¢ nandogdee 1:poc1oro # OOBIYHOrG THIEE, T. €. C
sp-THOpHAW3aUHH. Bepranuir B ocHOBIOM COCTOAHWH MMeeT KOHGHTY-
panmio 15225 0 fe3 Bo3GyKAeHHS B §0.78€ BLICOKOE COUTOAHHE He MOF Obl
00pasoBaTh NHKAKHX HABYX3NEKTPOIRHLIX CBaseil. OGbno on ofpasyer
coexHenyq, Takie, kaxk BeCl,, BeBr, u Be (CI;),, vosekyabl KOTOpEIX

(-
z
$ U
/\/:\
= z
\/v
2°M 2 s51p )
m
= z
+

NS

2712 (s-p,)

Py 3.7, Ceeve ofpazobasnd inGpuakol sp opiiiTaan novlusaved s w
p-opOu raten.

B ra3soo6pasHoOM COCTOSHUM AuHeHHBl. YToOM OOBACHHTBL 3To, Hpelfo-
JOMHM, UTC DNPH BO3DYKICHHWH aTOM MEPEXOIHT CHAYana B COCTOSNHE
252p, a 3aTeM D BaNEHTHOE COCTOAHME ¢ Sp-rrubpri3anned. PDH3nueCKoe
oBACHENHEe TOCTPOCHAS 5TOrC I'HGPHAE MOMHO MONAThL, ecJH 0BpaTH-
TheA K puc. 3.7 {(aarcGpauvechue npeoGpaioBanis B 5T0M clydae A0-
BOJBHO npocthl). [Tockoabxy e, rROpUAIILE OPOHTALH JOMMKHBL OBITh
SKBUBAJIEHTHH, OHF AOMKHLI HMeTL PaBHble 1011 $- H p-Xapakrtepa,
T. €. KaK $-, TaK W p~0pGHTaIH JuJKHbBL BXOAHTE B MHORHALL B PABHON
Mepe. Takum o6pason, onu HoMKHSL 1MeTs hopMy N (s-Fpy u N {s—p),
rie N u N' — HOPMUDYIOIINE MIOKUTEMN. JJeFKO Tt0Ka3ats, UTC 3TH
JABC OpGHTATH OPTOrolaLHb:

(N (s+p)N'(s—p)dr = NN { s2dr— NN {pdr =NN'(1—1)=0
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M3 yenoBus BOPMEpPOBAHES
N S (s+prdi=N? S s¥dv - N \ Prdr=2N?=1
caenyer N=N'=V1,

Atom X, uCnoAb3yIOUKA napy TAKHX S$p- WIM THOpHAHbIX op6HTajgeil,
MOZEET 06]’)830337‘]3 JBE 3KBHB#ASHTIIbIE CBAIH C IPYTHAIL aTOMAMH HIR
GAHOBANEHTHBIMH TPYINAMH Y, 1aBas [PH 5TOM JHHEHHLIE MOJEXK /bt
YXY. lasocofpasusle rajorefuib (HO l€ TBCPALIC CORLMHEHHA) BCeX
a7eMenToB LI Ipynrbl HMCIOT JHHCIIHYIO CIPYKTYPY ¥, KOTOpAA MOKeT
OLITL OTHEeCeHa K S‘D-FIIﬁpl‘I,Ll‘HE!‘lIf{I/I drona peTalrita. ECTQCTBEHHO, noyi-
HOCIBIO HOHHbIE MOJIEKYILT T~ X4 Y~ TAKIKE CTPEMHAHCE Ot [0 3aK0ity
SJEKTPOCTATHKY UMETh JHHEURYIO CTPYKIYPY, LO03I10MY JHHEIHOCTL
cama 1o cede e YKa3bIB3CT 114 KCEAJNEHTHOCTL CBASH, OHAKO BO MHOI'HX
Caydadx CyulecTBYIOT padnuuHble CH"]COﬁbI HOKA3ATCNbC1Bd HPCUIIGAOKE-
HUs O CYIUECTBEHHO KOBAJEHTHOM xapaKkrtepe cBaAsed. [amorenuant u
nceslioradorenuss pryra, Haupanep Hg (CN}),, Hecomnento, npenamyuie-
CTBENHO KOBaJeliTHb. JIn5i THX NHHCHHBIX MONEKYA NOCTYAHDYEM, HTO
pTyte ¢ roudurypaimedi [XelBdi"6s? ucmoawzyer Gsbp-rulGpuissie
opOurai.

Snementol 111 rpynnst, KoTopsie B OCHOBHOM COCTOAHEM HMEIOT KO-
(purypaunio ns¥np, o0pasylor Momeryssl THna MX,, e M=DB, Al
Ga, In man Tl a1 X — ranoren nau oprannuecknii panukan Ciy, CeHy
u 1. A. MaeecTHO nin npefuionaraercd, YTO BCe STH MOJEKYNB (1I€KO10-
peie B3 nux ruMepusyiorcs, Hanpunmep Al.Clg) nnmelor gopmy nnockeio
PaBHOCTOPOHHETO TpPeyroavlinka. ClefoBaTe/1bHO, MOMKHO RONYCTHTH,
UTO ATOM METANJA, HANpaMep fopa, cuavasa JoJiKeH Obith BO30YMIEN
JI0 CTALKOHAPHOTC COCTOAKS ¢ KOR(DUTYDALHER Sp,p, H 3aTeM B Hafib-
HeilllleM nepesefiel B BAJEHTHOC COCTOANME, B KOTOPOM HMeeTcs Hadop
SKBUBAACHTHLIX THOpUAHWX sp-opGurancii. Tounmic axrebpanyeckie
BEIDAXKCHHS W CXeMATHUECKOE H30DpaKeHue TPaHUuYiHbIX MOBEPXHOCTEN
nadopa rRGPBIHBIX 0pOKTAJCH IPHBeAcHO HA pHC. 3.8. Kampas H3 HUX
BMEET MAKCHMYM B NANPABTEHHH OAHOH H3 TPeX oCell, pacnoJOXenHBX
B QAHOH [LJIOCKOCTH NOA yraamu 120 oxia K APyrod, u eciid NOBEPHYTh
ee Ha 120°, oHa BOMKHA FOYHO HATOMHATLCSA Ha OPOHTAAL, YIKC RACHOIs-
KEeHHVIO IO JPYTOH OCH.

Jlerko Moilo sanucarth BbipamkeHwe LJIA 3THX opOnTajed myTem
BBefleHus TpefoBaEKA 00 HX 3KBUBATEHTHOCTH H HMEH B BHAY, 4TO COOT-
HOUIeHHe §- H p-XapaKtepa OHHAKOBO AAA BCEX K UTC OHH HOPMHPO-

* e Bre raToreHH Ll TETOTHOEEMEIRIIB X WIELEHTOR HYEHOT ..TilIHei.IHle CTPYRTYRY
monerya. Tax, v ranoresngon BaCly, BalF, n nenoTophlX XpYruX ¥CTRHOBACHD HAZHIHE
AMHONLHOTO MOMEHTA, UTO CRHIETERLCTBYET 0f § f10Boil Gopve Meaexys, Obwacienys
3TOMY (akTy daio OaTxuucit B Hapiubn, YOEIH 1@ALI0 NOKIABILHANE, YTO 05pao-
BAHHE 3THX MOJEKY.S CBH 1480 O sd rufORIM3a1KRCH ATOMA HIEA0HHCIEMETLHGT O 3JeMen-
ta. DK, cTpyT. xmv., 5, 451 (1964)].— [Tpus. ped.

NPHPOAA XHWMHYECKCH CEA3M g7

BaHb. B pesyabTaTe BHAMM, YTO B $TOM UaCTHOM CJYYa€ OPTGroHafb-
HOCT: ofecnendBactcsa cama cofofl.
Brifepen Hanpaeneine nepeoro ruépuia BAONL OCH X (CM. pyc. 3.8

B HONOKHN, 4T0 Kosddpuumert npu p, 8 }/ 2 paza Goasie s, rag KaK

0pOHTANb NOMKHA HMCTH BABGE Gouabliuil p-, ueM S-XapakTep. 7o pacr
P =N (s+1/3p,)

JIeTko MOKBO NOKA3aTh, TG HOPMIPYICIHI \HOMKHUTE.IL HMEeT 3ijaye-

uue 1/)/3. Urobb manwucars BhIpamkelye 118 ABYX JPYIHX OpBuranei

1
T OEs -k, o+ )

—r

LeVE. 1
Wl - -p, )L Y
T F(s+ VEp,)

Py c. 3.8. Cxema o6pasoBaHus TPHFOHAABHEX THODHIHBIX Sp-0p6HrTanet
koMOKaauneii s- n p-opiaTaded,

B KOTOpBI€ BXOAST §, Prx U Py OXHOBPEMEHHO, BOCIOML3YEMCS Tem, yTo
opOHTaTH BeAyT cebsl 110J00HC BEKTOPAM B TOM CMBIC/IE, UTO €Cau op6y-
Talb 12T BKNAJ 7, B ONPEAETEHHOM HAPABJICHHH, TO Y4aCTHe B Hanpap-
JeHul 0 10 OTHOLIEHHIO K NepBOMY BEIpasHTcA Xax y cost. Taxun of-
P@30M, eCAH CYHTATh, YTO W, OTHOCHTCA K OPOMTaNH, Aealled po pro-
poMm kBaapaute (puc. 3.8}, u 1, OTHOCHTCA K OPORTAMNE, HAXOAMejica B
TPEThEM KBaipaHte, To ODHapyXKHM cheayloulee. Braan s-opSuramnu
H30TPOTIE!, ¥ BCE TPH THOPHANDIE OPGHTAIN ROJIKHBE HMETb OAHY K Ty Ke
AQM0 s-xapaktepa. Bonee Toro, BOMERCTBHE BERTODHEIX CROACTR avou-
HBIX ¥ THOPHIHBIX OPOMTAJICH Py H P, AOTHKHEI BHECTH B P2 IONIO, npo-
nopanonatLayvio cos 30° (V' 3/2) u cos 120° (—1/2), # 8 s Aonmw, 1po.
nOpUHOHANBHY 10 —cos 30° (—) 3/2) n cos 240° (—1/2). Takum oGpason,
MOMKEM 3ANHCATD

2=V ) s+a[(—1 2)p,+(V3/2)p,]
Yy = (1/V8) s+ BlU—1/2) p,— (V' 312) p,

4 CoBpeMeHHAA HEOPraiMYECKJH XHMEH, 4. |
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Tenepr neoGxoxaumo veTanoButs o i f Takumm, utofiLl 3TH opbuTali
Boua sopmuposanit. Jlan a:

S 11:211:20'1—-% q ssd‘r—,—%a" S p.p, dt- _‘E’_af_\ C P}.Pyd‘l‘=-rl,;- Lot ]

fa T ~
orciona o pasio |- 2 |- 3. Taxoe ke cuauchne vosvuaem pns B, u,
CJEIOBATCABHO, OKOHUATENLHBIC BLIPAKEHUS! A0 TpeX TPHIOHAJIbHBIX
FECPHIHELY OPOUTATEH HMCIOT CICAVIOUAi BHA:

=111 3 s+ 2'V 3) p,
b (1] 3)s==(1176)p, 1 (11 Dp,
Ya=(1 ) Bys—(1 1 Gyp,—(1 172) py

Tenepn Jerko Nokasatn, u10 3rd opdWiaciy B3aMMHO OPTOTCHAJBHLL,
HanpUMEp

Elp]‘tp_, dx 25 [(1:1/3) s]‘zdru—S (V21 3)p. 100 V) pdr=
=1,3-13=0

Tax e nerko mnoxasaib, UTO OTHOLIEHHME p- ¥ $-AapAKTEPA PABHO
2:1 B Py H Py, Tak e KAK U B W,

(=6R (] V2R Yy, 2
(/¥ 3p 1, 1

[Tpu pacemorpeniin puc. 3 7 1 3.8 BHATIO. 410 [UOPHTHBIE OPOHTANH
obecieqHBalor ropasio HONLUIVIe KOHNLEHTPALHIO HIERIPOHHOTe obila-
Kd B OTJAEJIBHEIX HanpapacHifX, UeM 3T0 JICASI0T TPOCTHIE BOIOPOHHER
OpOKTAIH, H3 KOTOPBIX OHH NOCTpoeksl. Taxmam olpasoM, THOpuiibie
OpOKTATH OfeCNeMHBAIOT JIYYUICe HCPCKPHIBAHHE ¢ OPOHTAINMH APYTHX
aTOMOB Bi0Jb ITHX NperMyIIeCTBCHHBIN HANPAB/IeH Al H, CIET0BATILHO,
OHHU JCN40T OPEHMYIEeCTBCHHBIMHE  OMTpelefICHHBIe KOH(_I)HT)’])EIU.HH MO-
JEKY.J. Booﬁme BOIPACLAOUIee AeperpLIiidHHe NOAPAasyMeBaeT, UTO CBA-
3U ABIAIOTCH GOACC NPOUHBIMA, M 310 Goaee 4e\l KOMOGHCHPYET SHEPTHi0
BO30YIKICHHA, TpedyIouiyloed List AOCTHKEHHH TBOpPHIHS0BAHHOTD Ba-
VIEHTHOFO COCTORHHA.

T'uGpuansanys He 01 PAHMUHBAETCA §- U P-OPGHTANANMM, HO MOXKeT
BoOOUIE BKMKOYATL HAJOKEHHE BCeX THMOB aTOMHBIX opOuTaned. T'ub-
PHAK, BRAKYauive d-opOGHTann, HaGMOAAIOTCS AOBONBHO UACTO Y
Gonee TAMENNX ACHMENTOS U ocolenio BAMHD! B KOMIACKCAX TEpeXof-
HBIX 3JEMEHTOR. ¥YuoMsAHeM 0aTh Hanbolee BaXHbIX rHOpHAW3ALML,
BKIIOUAIOIEAX OfHY Wiy 00abile d-opOutanell, Kamias us STHX Tubpu-
ON3auuil MpHBeieHa Ha pHc. 3.9.

1. d®sp?, okmasdpuqeckan eubpudusauus. Ecam de—yr v dys -0p-
Ovtaay cKoMOHHHDOBAKLL C S-OpOUTATHIO H HAGOPOM py-, Py~ B P ,-0p-

e ——T,

e

MPHPORA XMMHIUECKON CBS3H a9

furtanell, MOXHO NOJIYUATH Ha6op 3KBHBANeHTHHX opOHTasedl, rpaHuu-
HLIE® TIOBERXIOCTH KOTOPHIX HaNpaBJeHb! K BepUIMHAM CKTasnpa.

2. dsp®, naockan keadpamuaa eubpududayus. de_ge, S-OpOHTANE,
Px- U Py-CPOATANH MOMHO CKOMOHHHDOBA1L TAK, YTO IONYYMECs Habop
SKBHBAJEHTHBIX THOPHLHEIX opfuTatell ¢ N0AAMH, HaNPaBAEHHHIMA K
yIJIaM KBajpaTa B INIOCKOCTH Xy.

4 5pe, keazpat

(5.0,.8y dat_ g2y

Jd¥sp?. ontasap

(8,0,.0,, P, dat, )

§ a7 Totpaanp dspB, 1pmonanbian Gunepavu L
(5. dypd,) (5,P0) By, Prs )

Kyt

dsp3, wsaapatwas nupavAna

(‘5‘.‘0; ‘py! Par d“'fg)

Puc. 3.9 [lare amueHmnx cxem raCpnjE alHH, BIIOVAIONEX d-OpGRTAIH.
OCeTpHA CTPMIOK IOKASWBAKT HAIDABTENHA DACTIONOW SHHA WAKCHMYMOR Inted

3. sd®, mempasdpuseckas eubpudusauus. s-Opbutans ¥ Hadop
ey Qur, dy,-OPOHTATEH MOKHO CKOMOMHEPOBATL ¢ O0paz0BAHHEM
TeTPaspHYecKH HanpaeraeHHoro Habopa opGuraied.

4. dsp®, mpueonassras OGunupamudaieras eubpudusayus. Opou-
Tall S, Px, Pys P2 H dz2 MOXKHO CKOMORHMPOBATE, NpudeM o0pasyerca
HESKBUBAMCHTHBIH (CM. HH2Ke) HaGop MATH THOPHAHEIX opGHTAjel, Ha-
NpaBleHRLIX K BEPIIMHAM TPHLOHAJIbHOH CHNEpPaMBARL.

4*
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5. dsp®, weodpamnran nuparmudamnas eubpudusouus. OpSuTaNu
S, Pxs Py» Pz ¥ Ay MOFYT ObITh CKOMOYHEDOBEHM THK, YTO OHH OO-
pasylor HEIKBUBANEHTHBIA Halop (cM. HHIKE) NATH rHOPWIIBIX OpGHTa~
Jel, HanpaBJICHHBIX K BEPLUMHAM KBAAPATHON IHpaMHibi.

Tenepb npoaHanusMpyeM HEKOTOPblE CXeMbl MMGPHAM3AUHH ¢ TOUKH
3PEHKA THIOB ATOMHHIX opOuTanefi, HeOOXOHKHMBIX AA% [OCTPOCHHS
rubpuaos. [TockonbKy HeoOXoRHMBIE OPOUTAAR CBOBOMHD!, TO BO3MOMKIIO
CyUIeCTBOBaHHe ofpelienieHHoro Habopa ru6punocs. Oalako cyecTByioT
HEKOTOPLIE SHEPTETHYECKHE TpeboBanins, KOTOPHE TaxXe BaxKHb., Ecin
ONHOH KM GonblueMY uHCAy opbuTanedl, TpeCyIoIuXCH A rHOPHAN3A-
HHH, COOTRERCTBYET 3HAYMTCALHO GOALIIASA SHEPTHA, YeM y APYPHX, TO
FHEPIeTHYECKH HCBOBMOMKHO, YTOOH JIjis aTOMa B JRHCTBHTENLHOCTH
Obina foctardyra moanas rHGpuausantsa. Tar, echu o0paTHTLCH K Me-
Tany (pHc. 3.2) ¥ NPeNAONOMHUTE, UTO HIEPTHS BOSOYHALHMS £, HAMIOTO
Bhilile, ckareM =115 xras/e-amom (a He ~96 xxasjz-amom), To Kou-
durypains CH, nomkua Gpito Gonee ycroftumsa, wem CH,. Jpyroii
NPUMEp: cepa, XOTsi M Mueer 6 31eKTPOHOB BO BHeMHeM clioe, obpasyer
HeGOIIbIIOE YHCNO COCIHRHMH, B KOTOPBIX HCRONE3YIOTCA LIECTh THOPH-
HbiX d*sp3-opbutanefi, Tax Kak sHeprus, 1:eoGxoAuMAn 1A BO3GYHIE-
nun atoMa cephl M3 |Neld s?3p*-ocuoBnoro cocrosimus B |Nel3s3p %342
COCTOSIFIHE, CTOJb BEJHKA, YTO HEe KOMNEHCHPYETCsl {34 PEXKHM HCKITIO-
YeHHeM) SHeprueil oOpasoBaHusi mecTH cBsideil. Ilo smepreriueckunm
COOGPaIKEHHSIM BO3MOXHA TaKiKe WCVECH, TGPHINBIX cocTosnmil. [ge
cxeMbi ruOpHAM3ALMA, AdiouiHe HAOOD TETPAsAPHUECKd HATPaBJeHHBIX
opluranedl, a unenHo sp? u sd?, ABNSIOTCA TOJMLKC KpallHHMHK CTy4asmMy,
H BO3MONKHO, YTO HaBOp TeTpasipHyecKuX THOPHAOB obpasyercsa ¢ uc-
NOH30BAHHEM S-OPOMTANH H WACTH KAXAOTO M3 ABYX Habopos: d,
Aoz, dy2 ¥ Py, Py, P2 Jltst yraepona BeinuuHa d-XapakTepa, HeCOMEEH-
H0, HEH3MCPHMO Mana, Tak Kak nusmas cBofoauas d-opburaan, a
uMeitHo 3d, HacToIbKO Bhlllle 2p-0p6UTany, Yro ee HCNOAL3OBAIHE BO3-
MOJKIO TONBKO C KPaiHKM SHepreTHueckdam jedurutoM. B terpasapu-
yecknx nonax MnO7, CrO;” u 1. 1. 3d-op6utaid MMeIOT NpHMEPHO
TY 1K€ 3HEPTHI0, UTO H 4 s-opburans, a 4p-opOHTamH HeCKONBKO SONbLyI.
I'n6puausanua opéurancit aronos Mn u Cr B 5THX ciyuasix, BeposTHO,
npejcTaBisiet eyech Sd3- 1 spi-THOPHAOR ¢ d-XapakTepoM, GOMbUIMM,
yeM p-xapakrep.

Dbt onMcaHbl Kak SKBHUBANEHTHLIE, TAK H HESKBUBAJeHTHHE lia-
gopel ruOpuAnslX opOuTadel. Bee opbuTaiu sKBHBAAEHTHOro HaGopa
HICHTHYIB BO BCEX OTHOWEHHAX, 32 HCK/IIOUEHHeM HanpaBielHf B
fipocTpakcree. Mx yactd s-, p-, d- ¥ T. 4. XapakTepa BaentHuns. s
aroma, Hcrnoansywowero spi-, sd®- u dsp®-ruGpHinbre opduramu npu
00paseBAHAN CBA3GH ¢ uC1BIPLMA HAEHTHUILIMM aTOMAaMH, Sp-THOpHA-
#bie opbrrany npy olpasobannl cBA3eh ¢ ABYMA WIGHTHUHBIMH aTo-
MaMH, SpP.-rHOpHiHble OpOHTamH RpH o6pasoBaHHM CBA3el ¢ Tpems
KICHTHYHEIME aTOMaMH WJIW d*spd-THOpHIHEE opbwiasin Bpd obpasosa.
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HUE CBs3ell ¢ MeCThio QAHHAKOBLHIME aTOMAMH,— BCe OpOHTaNK B Kax-
Jow nabope sxsusanertHsr, Opnaxo s CH,Cl uervipe ru6puaseie op6u-
TalH, HCNOJB3YEMbIE aTOMOM YIIEPOLa, HeSKBHBAJNENTHD!, HECOMEEHHO,
aToOM yrJjepoRa MoxKeT 06pasoBaTl 6ogee POUHYIO CBS3hb ¢ aTOMOM XJio-
pa ¢ HCIONb30BAKRKEM (oJice HIIM Mellee pasiHuHLIX opSHTaned mo cpa-
BHEHHIO C OPGHTANSAMH, KOTOPBIC OH HCUOJIH3VET TPH 0Opas0BaHRH CBA3H
¢ aToMamy Bojlopona. TpHr opBHTaNM, HCLOMbL3VEMEIE N CBSA3K ¢ BOAD-
pOAOM, SKBHBaJeHTHH, Kak 10KazaTeibcTBO TOTO HaHZEHO, YTO TPH
vraa H-C-H, rax xe nax u 1pu yraa H-GCl, pasub, so yras H-C-H
e Touno pasbl yraas F-C-Cl. Onnaxo sce 3ta yribl BecbMa OH3KH K
TETPAsAPHYECKOMY YTy, H DACCMOTpeHHe ueThpeX rMOpHIHEIX Oplu-
Tanel, HCMOML3YEMbIX 8TOMOM Yraepoja, Kak NpHMepHo Spi-ruGpHnoB,
CHAYKUT XopoulsM npubmmkennem. CreayeT NMOMHNTL, 4TO B 9TCH HIH
KAKOH-TUB0 APYroft aHanoryyHOf CHTyaluk Bee ruGpHIusie opSH141H
B Hafope MOTYT OKa3arbC HE mMO4HG OJIHHAKOBbIMH, T. €. OHH MOI}T
NPeJCTaBNATL HESKBHRATEHTHEIH Hadop.

IlBa dsp®-naSopa, RalOlIHe TPUIOHANLITYIO OHIHPAMHAY WIH KBal-
paThylo mupavuily B 3aBHCHMOCTH OT 10F0, Kakas us d-opbutanedt
HCTION b3 YCTCA, SIBJSIIOTCS HaGOpaMi, B KOTOPHIX OPOHTATH 00 CBOCMY
CYURIECTBY He3KBHUBAJEHTHE!, JaKe eC, 11 HICHTHYHB NHTH ATOMOB, HANDH-
Mep, kak B PF;, oBnanaioiem CTPYKTYpofi TPHIOHANBLHOR GHIIHDAMUILL.
B TpuroHanbroll GHNHPaMHAE HMEIOTCA ABe SKBHBAJICHTHHIE OpOHTaAH,
Ha3hiBaeMble aKCHAJIbHBIMH OPOHTAJIAMH, H TPH 3KBHBafdelnTHpe OpbH-
TAJH, HA3BIBAEMBIE SKBATOPHANBHBIMA OPOHTAAAMH, HO 5TH JRBE& TPYiliIhi
opSuraneil B HaGope HEIKBHBAJIGHTIIR. B TpH KBaTOpHAALHBIE THOPHA-
HBbIe OpOHTANH BXOAAT JIBE Po- H P ,-0pOHTANH, B TO BPEMA KakK B [Be aK-
CHaRbible OpBUTand BXOJHT TOJBKO OIHA p -OpOHTAIb, TAK UTO &KCH-
aJbKbie OPOUHTATI He MOryT OLITh WAEHTHYHE IO CBOEMY COCTABY C 3K-
BATGPHAJBHLIMH ODOUTATAME. ANANOTHUIO B wBAIPaTHOW NMpaMule
YEeThIpe OpOUTANK B TTOCKOCTH KBafpaTa 00pasyioT 3KBABANEHTHEIR Ha-
6op, §10 HH OAHA K3 HUX He HKBMBAJEHTHA CAHHCTBEHHOR aKCHanbHOH
opfBuranu.

TEQPIIA MOJEEY.APHBIX OPGHTANEH (MO)

3.7. Brenenue

B npesinyiien paznesde Goiia 06CyKaeHa TeOPHA METOAA BANEHTHEIX
ceasedl (BC), wni merofa ayekTponHby xap. OcHoBa 3TCH TEOPRH —
Hes JIploRca O ToM, YTO KaKAasa napa aroMOB B MOJEKY/e YIEpPKHBaeT-
€A ByecTe (PR DOMOULH SAEKTPORHOH mapbl HWIH, BO3MOXKHO, HECKO/b-
KHX BJAEKTPOHNBIX fap. DTH Napbl 3JMEKTPOHOB ACKAAU308QHL. MEXKIY
onpejeneHHLIME MapamMu saep. Bonee TOro, MOXHO NPeANONOKHTE, YTO
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BOMMOBLIE BYHKNAN 3THX 3JIeKTPOHOB SIBJAHIOTCA KAK Pa3 NPOHMIBCIAC-
HUSME aTOMHLIX BoaHOBHX ¢y Hruni. Teopus MO HCXOAHT M3 KauecT-
BCHIIO JIPVTOTO TPEHITONIOKEHHS.

[ipn HocTpoeHkr MHOTOICK1POIHOIO aTova Hauunami ¢ fipa u
naopa odsoyenmposorx opbumanetd BOKPYT 3T0r0 AApa H pacnonarasi
HEOBXOUMOE YHCIO JIeKTPOHOB MO OPOHTANAM B NOPSALKE BO3pacTalo-
e sueprud. Gopasl 31X opéurTaiel BLIACHAIA TPH TOUIOM PEIIERKH
34/1aUH O JBHKXCHHH TOAbKO OJHOIO $TIEKTPOHA W 3aTeM NPEAnOIaraniy,
WTO ECJIH B ATOME WMEeTCH HEKOTOPOE UHCIO HIEKTPOHOB, TO OpOHTaiy
AMEIOT TY %€ (JOpMy, 110 410 Ha UX OTHOCHTEJIbHYIO SHCPIHIO BAHACT
5KPaHUPOBAHHE OTHOND 27¢K1POHA OCTa/bHLIMH. JIpyrumMu CI0BaMi,
KAsKIBIHl JEKTPOH PACCMATPUBANH TAK, CNIOBHO OH JIBUCANCA B 3({eK-
THBHOM NoJe, CO3/IaBaeMOM HAPOM H BCEMH OCTAIMILIMA 3ICKTROHAMYH.
TeopHs MOJEKY.AAPHEX OPOWTAJICH paccMaTpUBAET MOJCKYJIY TOYHO
Taxum ke cbpasom. VICXOHAT M3 CHCTEMBI HECKOMBKHX SIACP, pacnono-
JEIHBIX TAK, KAK OHH CYHICCTBYIOT B CNIOMKHOM MOJCKY/Je. 3aleM onpe-
ACAIOT pasiuunbie OpOHTAMN, KOTOPHIC MOXET HMEThH 0duH ACKTPOH B
moJe STOro HaGopa Aep. ITH MHOOHERMPOSse OPOUHIAL WCTIONB3Y-
JorcA KaK HAGOp IS 3aNONHENUs HX SJEKTPOHAMH, HEOGXOIUMbIMIL NP1
PaccMOTPEHMH CICHKHOH Moaekys bl € APYroH CTOPOHE, MOHATHO, MTO
B3AKMHOE 3KPAHNPOBAHHE SNEKTPOIIOB W JPYIHE B3AUMOJICHCTBHA MEK-
Ay UMM MOTYT OKa3biBATh 3aMETHOE BJANARME Hd OTHOCHTCIbiIbIE SHep-
AW PATHUHLIX MONEKYAAPHLIX OpOHTaei.

HecMoTpa Ha TO 4TO 3Ta cXeMa B IPHIUUNE NOYTH TAK KC XCPOIIO
IPHMEBHMA JAsl MOACKYN, Kak H JJasl aTOMOB, NpaKTHuecKM BCe ke
CYUIECTRYIOT ONIpefieNieNHbie orpannyenns. Kak BUIIO U3 1PEABULYLILTO,
MErKO MOXKHO TIONYHHTH OCHOBHOR HaBOp aTOMMBIX OpOUTAllER TOUHBIM
peleHUeM BONIHOBOTO yPaBiieHHa Jaa atoMa BOL0poa. [1poGnesa ABH-
KIS 3JEKTPOHa B 10Je HEeCKOJBKHA fjiep Bofllle He MOMeT OulTh pe-
1eHa TouHo. [10¥TOMY C.EIYeT HAYaTh C HCMOJAb30BaHNA HCK/IICUHIEL-
HO TPHOTHKEHNON (HOPMBl ONHOXIEKTPORHOH MO.

3.8, Meron amueiinoll xowduganun atovmerx opdurazeii (JIAO)

Merog JIKAQ SBISETCHA 1POCTHIM M KAYECTBERHO NOJE3HbM IPHOTU-
skerien. O OCHOBAH Ha DechbMa pasyMIiod ujiee 0 TOM, YTO B NCPHOT
JDHKETHS 3AEKTPOHA BOKPYT SREPHOTO CKEJeTa MOJEKYNbl B KaKoil-10
MOMEHT €K1 PO MOKET OKa3aThest BOMH3H OjIHOTO AAPA U OTHOCHTENBIG
IAJeKo OT APYIHX K 410, KOITIa OH OKAZKIBAETCH PANOM C A2HHBIM ALPOM,
OH MOMKET BecTd cefis GoNee WK MeHee Tak, Kak §Y,iTO OH JIaxORUTCHA Ha
aToOMHOI OpPOHTANY, TPHHAAACHKANIEH JTOMY AAPY. UTolsl pasBHTE 3Ty
MBICADL §0aCe KOHKPETHO, MCIOABb3YeM MOMEKYIsipHEH HOH BOJAOPOia
FI;. Ou ABASeTcs HNPOTOTHNOM TOMOSASPHBIX 1BYXATOMHBLX MOJEK Y,
TAK JKe K4K 4TOM BOAOPOAA J\isl aTOMOB BooOUie.
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Al 3J1CKIPOH NPHUAANERHT OTHOMY U3 BOJOPOAHBIX sifep A WIH
B 1oposhb, ero NoBefeHHE B OCHOBHOM COCTOSIMH MOMSHG ONHCATL
GYHKUMAME @ HJIH (pp COOTBETCTBENNO. ECAN 2MeKIPoH HAXOTHICH B
HCHKOTOPOM NOMOMEHHH OTHOQUHTETLIO CKEIeld Ha AJ0eP, 0" MOKel Onnb
l{pP[ﬁJIII}KElIHO ONHCAN NATWReHHCM 00cHx QyHKUMIT, T. €. §a - @g.
Taxyio anrc6panveckito ¢y vy GyHKUHE 113 3BIBAIOT 2UHESHOL KOMOU-
#ayued. e nopMuposaknye BomgiosLie gh nxnnn JKAQ, sanucannbe
LW THOCTLIO, HAeH T BHY
b= ANpl74 - ¢)
A } (3.18)
Y, =N, (ps —oz)

Jlerko noxasatb, 4To ABE [OCTOAHHEIE HOPMUPORAIHSA MMEIOT CAelVio-
LIHe 3HAYSHMS: ’
o
V2,28
oL

T s

N, = -~ 0,56

N 1,11

Uncaopise Bljip‘d.}K(JHI’ISI MOCTOSINMIGIX HORMITRDORAHLA ObITH  TOJIYYCHEI
NOICTAHOBKON TOUNOrO 3HAURHIN MHMICIPAId Iepexpwidania S (0,59).
Boofiuie uuTerpadiLl HepeKPLIBAHHA He CTOMb BENHKH, Hallle OlMH HMEIoT
snauenue okotno 0,25, [Tpu S=0,25 aBe NOCIOSIHHBIC HOPMEPOBAHKS
JokHe! uMeTh 3uavennsa 0,63 u 0,82, Toria xak, ecu npenebpeun
coBeen S, ofe NOCTOAHHBE XomkHH 6uTh pasuul 0,7]. Takum ofpasom,
Maaasa oindKa, HalNAAIAACA TPK NPERelpeRe K S B TOCTOAIIILIX
NnopMHPOBAHMS, obbuuo npremseMa b onpociodl JIKAO-MO reopum u
HACcTO Ha NepexphBalye Ie oﬁpamawr BHHAMAHHAH. ‘

Yrolsl nonartn guauucckoe cojeprxainne teopun TKAOQ-MO, npo-
ananumiupyey puc. 3.10. Cruowinie THIAK noRaskeaier | 2 w1 (kpas-
parThl KCHOJILAOBANL MOTOMY, YTO OCOOEHHO HHTCPECHO pacipenefeHue
HICKTPOHHOK [NOTHOCTH BAGAR JHHHU, coeluHsowed sipd). Toucutne
JHHHY COOTBICTBYIOT 371EKTPCHHBIM MJIOTHOCTAM Ha WIIEHBHAYAJIbHBIX
aTOMIILIX OPOMTANAX, T. €. OHH [MOKasmBacT ¢3 u ¢g. OuesuaHo,
SNEKTPOH B V', #yeeT Oonee BHICOKOC PACADEHenelife MNOTHOCTH MemNy
AAPAMHE, B 1O BPeMT KaX B 1, OH HMCCT QUeNb IIU3KOe DACTPeleeiue B
9TOH 06nacTh. 1p; JcilC1BHIEIBHC APOXOAMT Yepes Hydib B cpeaned
ToyKe. [LONO/HKIE1LHOE YKA3AHHE BAXKHOCTH BCIRUMH % H Yf saKio-
Y3eTCs B TOM, YTC HX MOXKHO CPAaBIHTH ¢ peduumHoi 1 1295 +1 1/20%,
npescTaBieHEol Fpaduuecky wrpuxosoit aunuel. Oyukuna V1,294 +
4V 1724} maer, pacupesienenne OHOTO ICKTPORA, IIPOBOISILCIO BPC-
Ms B PABHOH Mepe #a (a H @Pp, KOTOPLIE OCTAIOTCA, ONHAKO, CAMOCTOS-
TeBHBIMA ATOMHBIME OPGHTATAMM, Muomuteas V' 1/2 uopmupyer of-
ILVi0 2JEKTPOHHYIO HIOTHOCTh Ha KamuoH @ x 1/2. Hcwuo, uro i\b i,
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JAyyiie BEPAXAWT COOTBETCTBENNC GOMBIIYIO H MENBIIYIO 3NCKTPOHHYIC
AOTHOCTE MEKAY SADAME, HeM 3TO AeJaeT [POCTas CyMMa NeB3auMOJIeH-
CTRBYIOMUX aTOMIBX opbutaneil. 310 oObsiCHseT, DOYEMY ONHY MO,
0603HAUCHHYIO NIIEKCOM b, HASBIBAIOT (BA36/8QI0IEl, A APYTYIO, CO03Ha-
uEHHYIO HHAEKCOM &, NA3LIBAGT PASPLIXASIOUEL.

P uc. 3.10. Kpupsie BePOSTHOCTH HANOMIEHRHH SNIEKTPOHA HA ATOMHEIX ODOHTANNX

@3 H Qgl--...), HA MONEKY IS PHEIX OPSUTATAX Y] H ] (——) H BEPOATHOCTE pACHPENEne-

HUS OIHHOYHOTO SIEKTPOHY, PABHOPACTIPLNeNEHHOr0 MEKY @A 0 @B (=), B 32BH-

CHMOCTH OF MEWBAIepHOre paccromimd pia Hy n cootsercreun ¢ teopueit JIKAO-MO,
BEMIOU4sl NepeKphBAHNe.

Ilns Toro wroSul onpefesuts sHepruu JIKAO-MO 1§, 1 ¥, B BoAHO-
BOE ypaBHEHHE MOXKHO MOACTABHTL Buipaxenue (3.18). Jlaa , nmeem

_ S‘l‘b f/"f‘i?bd\’_ N§ S (@ +¢8) T (91 +¢p) df=
© fewar !
=N} [S PaFpadt+ S paFepdr+ S Pu A padr+
+ { pu s di] (3.19)

He Bynem mbiTaThesl OLEHUTH WeTHpe HUTErpaja B ypasrenud (3.19).
Bumecto storo o6o3Haumm HX CAeIYWOMUMH OYKBAMH:

Qs = S YaFlpadr
Qe = { g s dv

B={ prondr={ poHesdr

Iockonexy aTomsr A ¥ B unedtuutsi, Qa = Qs = Q ¥ ypapHeHue (3.19)
npuolpeTtaeT CAelywIyI0 Opoctyie dopay:

Ey=2N3 (Q+ 1) (3.20)

b

F
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AHanoryuHo caelyer, uTto
E,=2N7(Q—P) (3.21)

Teneps ouesniHO, YTO WHTETPAN  NpercTandfeT cofolt KaK pas sHep-
THIO 3JIeKTPOHa Ha OPOHTATH (5 WM §p, T. C. OH PABEH JHEPTHH aTOMA
BOIOpPONa B OCHOBHOM cocrosHuil. Muicrpan f§ mpeictaBager coGof
SHEPTHIC B3aUMOIEHCTBHA MeMTy OPOWTAIAVII ¢4 ¥ ¢n. Ero HaswBa-
0T OﬁMe‘HHbIM HHTErpaJon HTH DEIOHAHCHBLIM HHTSIDRJIOM, H MOMNHO
NOXa3aTh, UTO O HMMeeT oTpHiaTedhHoe 3HaveHue. Takum oBpasom,
3MeKTpod, 3aceasioniuit MO ¢, GoJee craGuien, a SIEKTPOH, 32CETAM0-
wnit MO 1, MeHee crabujieH, YeM 3JEKTPOH Ha aTOMUOH OGHTanH @a
Wik @g. JleHCTBHTEABHYIO SHepPTrHI0 cTAaOHIH3ANKHK H JecTaOHIH3aLHK

Puc. 3,11, Jluarpamva sHepreTHHECKAX YpoBued, ANAICTPHpYIOMWAn ofpazoBatue
CBAIRRAIOMNX 1 Pa2PHIXAAIONIR Y MOeKYAADHEX optuTtanel 13 IPYX 3KBRBAJIEHTHHIX
aTOMHEIX opOuranei: B roxosgepHoll ABYXaTOMAOI MoNexyae,

MOXKHO NIONYYHTh B €1WHHUAX [ [IPH MOACTAHOBKE NOCTOSHHON HOPMADO-
BaHHA B ypastenne (3.20) uau (3.21). Ecxu Jdonyeruts, uto MoMHO
npegeGpeub nepekpLBanucs, To Ni=Ni=1/2 u noayunm, yto

EazQ"_ﬁ
Ey=Q—B

ITE pe3y/bTaTH [IPHBEIEHEI HA fuarpaMMe yposHel sHepruy prc. 3.11.

KayecTBerHoli 0cofeRBOCTBIO AMATpaMMBl ABAACTCH TO, UTO OHA
THOHYHA a4 BCeX AHarpaMm }’pOBHef‘.I 3Neprud, NoK4a3bplBamimux JHER-
rHd MO, o6pasoBanubix Mexly 1BYMsl aTOMAMHM, KamIABil M3 KOTOPHIX
npeRocrasiseT oAy opOuTanb. Eciu aBe aTOMHble OpOHTald He COOT-
BETCTBYJOT OAHOH ¥ TCH e 5HEPTHH, TO i, ¥ Y JOLKIET ObITh CHOHIEHD
NpHOIH3UTENBHO HA ONHHAKOBOE DACCTOSHHME BRIIE H HHXKe CpeiHeil
JHEPTHH BEByX 4TOoMHHX opOurajeii. Puc. 3.11 npeicrasnser coGoi
THIHYHYIO JUarpavMMy pachlo/IOKEeHHA YPOBHEH 3HEepruH. ATOMHLIE
OpOHTaNRE CBA3KBAIOLUIMXCSA ATOMOB NOMELIENE] 110 KPASM, a 06pa3yiolHe-
¢ MO nokasars! B cepetune. FleoGX0IuMO OTMETHT, UTO €CTH Lie peKphE-
BaHHe BXOAHT B NOCTOSHIYIO HOPMHDOBAHHS, 3@lada CIAHOBHTCH
Gosiee CroKHOM anTeGpaiyecky, ¥ IHAFparMa yPOBHeH sHepruu 1ie obia-
4aeT yKe TAKOH NBPOCTOH, CHMMETPHUHOH (opMofl, Kak Ha puc. 3.11,

e e [ Ry S —
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Onnaxo ve Oygen yRIyGISTECA B 3TV 0644CTh, TaK KdK BO BCEX HPILIO-
wemvax teopuu JIKAO-MO B sTofi xuure 0yjer HCNoALEIOBAHO MPHO-
JUKENHe 663 VyeTa llepekpuBatiig.

[ipd paceMorpeHUu TCOPHH BAJICHINCH CBH3H ObL1O BBCHCHO U 0O-
CYANCHO AOHATHE MHTerpadaa nepexpoiBanus S. Duiio otMeuelno, uto
Boofie uem Ooabilie 3navensne S A8 ABYX OpSHTANell ¢4 H @p V ABYX
aToMOB, TEM NPOYHee ADMKHA OLITL CBAZL, 0GPa30BaHHAS C YHACTHEM
THX opOrTaneli. B pupaxcHusx upoctod reopun JIKAO-MO sty
MBICJIB MOMHC LpelcTaBlille B Oojiee KOAWUCCTBeHHOR dopme, ecan
IOCJACHOBATE OPHTHNATBIIGH THIOTele, npeinoxenuodl Mannwxeiowm.
[To cymectsy, Mananxen npeanonoXua, 4To HATErpamnl THoa f Jonx-
Wi OBITL  HPHONM3HTENHHO  [IPONOPIHOHANBHL  COOTBCTCTRYIOUAM
HATErpaqanr HNepeKpLIBUHMEA, B COOTHOIICHHC, BRIPAXKAIOWICE 3TY MPONOR-
OHOHAMTBHOUID, }1(‘06}\01[111\10 TAKMKC BBCCTH 3aBUCHMOCTE Cpeinero 3ata-
ueHNS sHePruil opfurtadeit, ofpalyouinx ceaah. Takun odpason, MOK-
[0 HamucaTh CJenyiomee ofilee ) papHeHue:

S‘ (PAqu:\B dr= ﬁ - CQtpS = CQ{'pS FCapn dx

roe C — YHCIOBad MocTosinHag, a @, HHOTAA MOXKHO B3ATL Kak apHg-
METHUCCKOE CPOTHee

Q. ={Qv FQu)2
a B HEKOTOPLIX CJyYasx KaK Te0VEeTpHUYeckoe cpefHee
Q. -(QQp) -

MoxHo OXuTalsk, uio KOHCIAH1A [PoropuaoHanbHocTH C NPHMEPHO
pasda 2,0 M 4aCTO ONa TOWIO COOTBETCTBYET 3TOMY 3HAUEHHUID, P acuctsl
MOJTEKY, IIPHRIX opGuTadefl ¢ 3THM NPAGAHAKEHHEM MOMKHO 1€NCPL Bbi-
MOJHATE QUENL MTROCTE, GCODeHHO AAH KUMILICKCOB ICPeXOIHELX META/-
JOB, UTO H Oy €1 npoigeaduo B . 26,

Teilepb HCPERIOVM K NOCTPOEITHI0 LTEKTPOHHBIX CTPYKTYP HEKOTO-
OBIX MOTCKYT, TaK JKe ¥aK 3T HRLIO DPpOIRNaNG IPH NOCIPOeHHE SJJCKT-
poHublX Kompurypaunit aromon Ecun obapur, oTdb JONONHHTEMB-
HEH 37eKTPOH K [}, T0O, CCICCIBCHHO, N0AYUMM MOJEKYIY BOLOPOAa
H,. 2T0T BTOPO# 3JCKTPOH MOKC1 NONACIb Ha OpOUTATb |, BMECTE C
NePBBIM, TAK KAK W, IPCLCTABIASeT cofoil nanbonee HH3KYIO O 3HEPTHH
opOuTalb, KOTOpasi K TOMY JKe WMeeT CBoCOTHYIO BaraucHie. Yrobbi
YAOBRETBOPHTE TpHANRANY Tlayau, CNUHBl ABYX SJACKTPOHOB JOJKHEL
OpTs CriapeHsl, 11oy10oMy MOMKHO 33M0HCATE 3JEKTPOHHVIO KOHDHIYpa-
uno He ¢ rouin spenust MO B Bune {,)% DHePrus cEAILBANHA A0IKHA
OBITh NPHMEPHO paBHA —2f 03 KCTIPaBJIEITHA Ta RIHAHHE B3aHMHOIO
sxpanuporanua. Taxum ofpasom, B 3ToM OPOCTOM CAydae TeopHs MO
JlaeT rsHueckoe omiwanke cBrsK B H,, Koropoe moxoxe Ha omucaHue
cpsisk reopucH BC, a iveHHO uTO CYIIECTEYET Napa 3JEKTPOHOR ¢
NPOTHBONCJIOKHBIMA CIMHAMM, K 5T4 Napa JOKAJK30Balla MEKRY s
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pamu. B Gonee CNOKIBIX CNydanx ClaHCT ACHO, YeM PasaHualics JBe
TEOPHH.

[TpoRomuuy TpUMeHeHue NpPHEUMIA TocTpoenHa. [Ipernonoxum,
uTo COMMKAIOTCA ATOM reNus U alom BOTOpol1a; B 3TOM cayuae Gylen
HMETL CBA3BIBAIOIYIO Y,=@ue§u H PadDRIXJAANYO Y, =¢H: — PH
opbutralin. 1, OylaeT Gonee cTabu.aLila O BeHTHHE HCPrHK NG CpaBHe-
nmo co cpejtiedl aneprueil Hels- d His-opGuranein, a y, 6yner menee
cTa0uIbRa (OKPYTIEHHO) HR OJHY # [y #e peAuunsy TTockoabxy npuH-
UKD HCKINOUENTHA e MO3BCTIACT IOMCCTHIE Gonee JBy X 3TEKTPOHOB Ha
oqdy MO, TpH 3JeKTpOHA TOMKHE 32118Th ABe MO cnely omuu ofpazoM:
()2 (b} Takam cBpazou, Monexysa HeH gomksa Obire cTaOKIL-
liee cBOCOJHBIX aTOMCB H& BeNHuMHy 3Hepruu B. Taxas monexkyna us-
gecTna B ra30Bofl dase.

B zaxmouenye NpeinonoKUM, YTO COeTHHEeHB JBa aToma IeTHH.
B stom CliyHae HMEIOTCH NeTupe JIeKTPolid, KOTOpPbBle NOI2KHBE 3aCe.THTL
nse MO no tuiy, uokazanHowy Ha puc. 3.1). fdcio, urto yBa u3 Hux
JONMKHE GBITE TOMOWCHB! HA CBASLIBANILYIO H JIRA HA PaspLIXisionivio
opurtagu, tax uro, coraacio npubnmmenuio JAKAQO, syeprua coazn
B He.a A0THHA OLITh PaRIa TOYRO NYJIIO. ANaTorauBbIMg apry MeHTaNa
MOKHO OOOOUIHTEL 3TO NOJOMKelIHe 4id BCeX WIEDTHHIX asoB, W CTaHeT
ACHO, [OYEMY OHH BCE OIHOATOMHLI.

[lopador cenau. B reopun MO nopsalok cBA3W ONperefseTcd Kak
UHCIO 3NEKTPONHBIA HApP, 3ACETISIGNHX CBHShIBAIOILHC J“O, MHHYC HHC-
JI0 3EKTPOHALIX nap, zacensiomnx paspriansiomue MO. Taknu oGpa-
30M, nopaAku cefAsedl 8 HY, H,, AHe u He, cootpercigentio pasHsl
1/2, 1, /2 u Q.

3.9, FomMoA/CPHRIe By XATOMHBEE MOJIEKYIBI

Lo ¢HX nop ObLIM PACCMOTPEHBL. [OJABKO CAYHAH, B KOTOPLIX HpH
fepeKphiBaHun §-opOuTaiell Kamioro us KByX AroMOB 06pa30BLIBANACK
TOJIbKO OXNHa, HMetomas 2iavenne MO. Morekyaapiyio opSutans Ta-
KOFO THMA Ha3bIBA0T O (cuexa)-M0 H OCHOBHBIM CBOHCTROM AJAA ¢ KAac-
cudHKRaly ABIALTCS DATHHAPHUSCKAS CHMMETPHS OTHOCHTENLHO OCH,
coenHHswlned oz sapa. To, 4TO HONMKHA CYULECTBOBATEL 1aKas CHMMCT-
PHS, ACHO M3 TOro ak1d, 4To Kaxias A3 AByX obpasylomux opSutaied
CHMMETPHYHE OTHOCUTEBHO STOW OCH.

B nanenetimem HecOXOOMMO paccMOTPeTh, KaK MOMHO KOMOHIH-
poBaTh p-opGurank, ucxold u3 nputummenud JKAO upu obpasona-
nat MO B jovosfepHbIX LByYaTOMHBIX MoNekyjaax. Iipamem oCb,
APOXONAIEVIC CKBO3bL 006a A1pa, 3a oCh 7. Eciu Kamuplii a410M HMECT
pop0KTant, TO OBM MOTYT KOMGHUHPOBATLCH B cBagmiBawuryio MO
[P (D+p,. 2] (puc. 3.12, @) u paspuxsomyre MO {p, (1)—p.(2)I.
Dy MO Taxxe sBaswored ¢-MO, Orueram, 4Te p-O0pOHTATL ORHOTO
aToMa MOYKeT TaKkKe KOMOMHUPOBATLUS ¢ S-0pGATANBIO APYToro, 00pasy A
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cBsspBaomye (puc. 3.12, 6) u paspurasmongyie MO, Boolule moGoi
BHA [AOPHAHBIX §—p ,-OpOHTATE]l IBYX ATOMOB MOXET KOMGAHAPOBATE-
cs, aasas 6-MO. H3-3a cnocofuocts ofpasoesiBath o-MO p-opGuTais
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P ye. 319 Cxempl, RANOCTPHP) KiHe ofpazoBaHMe mPOCTHIX JBYXUERTpoBEIX MO
H3 aTOMHBIX OPOHTAEH.

(B FaKHOM cayuae p,-0pOHTAAL, M0CTe 1070 KAK B KauecThe 0CH Z Koop-
auBatHol cucTeMbl Gblia BHOpaHa UpAMAaf, TPOXOAANAs CKBO3b aToM-
HBlE SApA), JeMANYIO BIOMD MOJEKYJIAPHOA OCH, Ha3HBAWT PC-0plH
Taab. To, 4T S-OpOHTAIb HMEET J-Aapakiep, OUeBHIRC, B HE CTOMT
oficyuars.

Ecenu p,-oplatans olpasyer po-oplutath, TG Py H f,-0p0HTANH
He MOTYT 57010 caenaTh. Oy aBAm0Ted pr-opOuraisnm. #-OpGutany—
Takoh TH MO, UeH1paNpHOYB3A0BEAN JHINA KOTOPOH COBNAAALT € MOJAL-
Kynspuoil oceio. [ToaToMy oHa Iie 00ialaeT LHAHHAPHUECKOH CHMMET-
puefl QTHOCHTENLHO 3TOH OCH, HO HMEET PABHOE DACIPCAEACHHE SMICKT-
POHNOI BACTHOLTH No 00¢ CTOPOHBL OT MAOCKOCIW, NPOXOASWLH Yepes
8Ty OCb, IPHYEM BOJHOBaA ) RKNAS €8 NMeeT NPOTHBOROICKHEIE SHAKN
10 pasHble CTOPOHE! IIOCKOCTH JlBe Takue pr-OpOHTATH MOMHO CKOM-
fupiposats B ceasuBanuyo w-MQ, pa{l)+pn (2) H pa3puXAFICILYIO
71-MO, pr (1) — pr(2). Iru z8e opluTaan 0003UAYAKRT COOTBEICIBEHHO
mpocto st 1 . Mz obpasobanue nokazano na puc. 3,12, 8 1 312, 2.

APRPORA KHUHIECKON CRAZH 100

Paccvotpiiv aToM Kakoro-1ado 31eMen1a (epBore KopoTKoro ne-
PROJA, KOTOPHIT HMeey B vasenrioM cioe 25 4 2p-opGutamu. Ecan npa
TaKHX aTOM2 COEMAHAIOTCE B TOMOAICPHYIC UBYXATOMNYIO MOJEKY.AY,
TO ABa HaOopa aTOMHBIX OpOHTAMeH MO{V1 KOMOHHHDOBAILCH B PA3IHH-~
npte MO, Y1066l NPHMEHHTE UPHHILAIGL NOCIROSHAR A QHPEEACHRA
SACKTPOHHOK CTPYKTYPE ABYXATOMHOH WOAEKY 1ol 3TOF0 BAEMCHTA,
#e00XDIMMO 3HATL OTROCRIETLLBIC SREPIRA J1nx MO

MoxHo mayars ¢ paccvolpedna 1pex 1Huon opduragch (s, po n
pn) cosepiendo pasiensio  Tagud o0pdsov, s-opGaranu ofpasyior
T, 1 0%, CBAINBAOMIYIO X Papuixasoliyie MO, Toulo 12K XKe KaK B
ciaywae Hi n H, Aunasoruuno ase po-opOuranu xoMBGURMpYIOTCR,
Zapas Op-CBASEIBAIOHIYIO M Op -paaphixasomiyio MO, B rakey e
obpasoM KOMOHHHPYIOTCST Abe pa-opGHTanH. OTMETHM, OIHAKO, YTo
{IOCKOABKY Pu- il f,-0DOUTAIH KAKIOM0  4Tova 004 20T OAHoH o
rofl e suepriefi ¥ NOJHOCTLIO SKBWBATEHTH, 33 HOKMOURHNeM TOIG
Uro oina noeepayTa Ha 90 10 OTHOMIERHK) K APYrofi BOKPYI OCH,
Rpoxoifulel yepes aioMHble HApa, To ABE cBs3bipatoiue MO s-tuna
CyAYT SKBHBAJICHTHE OAHA APY Foil M OYny 1 06ialaTh OAHHAKOBOHU SHep-
lver JTO OTHOCKICH Takke ¥ n IABYM paspuixasiosiin MO s-tuna.
Yonopar, uto ase MO waymion napsl epposcdenst. ¥ CTanoBIeHO, UTO
BEJINEHIBI DEPEKPRIBAHKA A5 3THX TpeX po1oB opOHTAIEH } MERBLIAIOTES
B nopaiKe §—SXOG—pOS»pi-—pR, U MO3TOMY B COOTBETCTBHH C
KpUTepreM UePeKpPHBAHMA BKA3AM 3uauennd § B npousocry cenzedl
JONMHLL YMENBIIATLEH B TOM e nopsidxe. HMa ochose s1ux paccyx-
AeHH#l ¥ 3Has, 4roy ajieMeHTOB HePBOro KOPOTKOIo HepHOAd p-0pOHTaTH
HMEIOT  COJABIYIO  3HEPrHI0, HeM  S-OPORTANH, MOXHG COCTABHTE
aumarpamyy  yposueft wieprudt {puc 3 13, a).

Ox1ak0 3TA HMAJpdvivia WIHOPHPYET ORul $Haxipp W TOJTOMY He
COBCEM KOppekTHa. Ilpy ¢e 1moc1poediH IPeAnOlokHIN, 4I0 5 OpOH-
TAK B3aRMOLEHCTBYIOr TOALKO 03Ha ¢ AP} FOH U UTO pO-OpOUTATH TaKKe
B3aHMGACHCIBYIOT TOABKD MEXAY coloit, XOTH CHPABERAHBO, 4TO HAM-
Gonce CHibHble BaAVMONeHCIBRA JONKHLI APCHCXOANTL MeWAy OpGH-
TATAMH, HauDo/ee BAR3KMMHE N0 SHEPTHsM {B 8TOM CAyUYae CHH HACHTHY-
HBL [0 SHEPrHAM}, OWHOOUHO NpeHedpeus MO.THOCTHIO JPYTHMH B3aHMO-
HeRCTBHAMHU, DaspelleHHbIMH chvMeTpuelt [lefcTButedsno, Memuy o-
% po-opbuTangmMy <ynlecTeyet bzaumodeficTeme (oM pe. 3.12, 6L
Yro0h! BEIACAHUTL ITO B JETAAAX U NPAMENNTH NOAVUEHHBIe NANHLIE A5
onpefedaerida skeprau MO, HeoOXOTUMO TOCBHTHIE HECKOJILRO CTPAHHI
Toil npoGaeme, ByecTo 3TO1O NPOCTO DOKAXEM pe3y.IbTarki. Bo-mep-
BeX, MO, korophie Ha3BaHB O, ¥ Of, OKasHBASTCH, HE MMEIOT YHCTOrC
s-Yapaxkiepa, H ananornuno MO, oSosHauennbie O, ¥ Oy, HE RMEIOT
YHCTOTO p-XapakTepa. IToaTomy WHASKCH S B p 32MeREM Ha Jpyrue, Ko-
10pEIE He MOBJEKYT 3a cO00H HCKAMEHHS CMBICHa, BO-BTOpHIX, B peayis-
TATE CMOIUWBAHMA p- H S-Xapanrepa Bo Beex o MO un suepruu usve-
WL FAKuN oDPAIOM, UTO AiBE hUsiuHe CianyT Oofiee yCrofuiBLIMI,
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P wc. 3,13, Ilnarpamusl sHepreTHeCKRX Yponnell, NOKa ibedomie, KaK aTOMHE ofp -
GuTaty ApYX (MECHTAYUHEIX) ATOMOR NEPBOTO KOPOTHOrD NepUoia ofBETHHSTIOTCH NPH
00pPa30BaHHH MONEKYJHPHRMY opORTadeil,

OPUPORA XHAMIEYECKOR CBA3M 111

B TO BPeMSl Kax 7Bé BRICILHE CTAHYT Mehee crabuiarnbimu. Hrak, obpa-
TEBLIKCH K puc  3.13, @, 3aMe1KM, UTO ClIH 3TH CIBHTH NOCTATOUHO Be-
JHKH, TC OlIH MOMYT BLI3BATH KQUECTBEHULIC HAMEHEHHA B NOPALKC
VyPOBReli, T.e. TpeTbAd HHM3Wan opOHTalb MOXKCT CTaTh T-0pGHUTAMBIO
BMECTO G-OpOHTANM, KK 9TO Nokazano Ha puc. 3.13, 6. Crenenn capura
SHEpPrAH MozkeT GBITL ewne Oofibile, ecad padjiduHe SNepruit MexIy s-
H p-OpOMTAMSIMH MATO, NOTOMY YTO B 3TOM (.134a€ OHH MOTVT B3AKHMO-
JehcTBoBaTL crasnee. Pasinune p sHeprasax s- u p-opOuTagel oTHocH-
TeMBTI0 MaT0 Ans L1 (~2 38) u HCUPEDPHIBIO BO3PACTACT, JOCTHTAS TIPH-
sepHo 27 3¢ ans Ne. Takunm oBpasom, XoT% &as uavaaa nepuoja ¢ goc-
TATOYHON ONpeleNeniotIblo MOXKIIO OMHIATL CIPAaBELIHBOCTH CXeMBl,
npHECIeHTiol Ha puc. 3.13, 6, cxema pue. 3.13, @ MOKer OKa3arTbcH
MpaBUALHOR 118 KOoBHHa nepuola {Hanpuyvep, aasg Fg). Tax au 310, €
ONpPEeReiCHHOCTEI HEJL3A YTBUP2KIATL, O HA OCHORAHUH 3KCOEPHMEH-
rankipiX JaHIBLX CO3AABTCH BOOUATAEHNE, uTO cxcma pHC. 3.13, & BHI-
JePHHBAETCA N0 KpafiHel Mepe no N,.

Tenepb paccMOTPHM 3ISKTPOINIYIO KOHHTYPaLillo KamIof ToMO-
AAepHOl ABYAATOMHON MOJCKY bl ANS 3TEMCHIOB NHePBOro KOPOTKGIC
nepuota na ocxope nerodd JIKAQ-MO, masoxesHoro Bhiue.

Li,. /IBa Bancu1HLIX afekrpoHa J0MKIE nepedTh 1a MO o,. Kon-
durypanus nosromy GyieT {0,)*, HOpRAGK cBAsi pascH | W mogexyaa
nosHa Obllb AMAMarHuTHA (CHTyauus, CTeCTBCHHO, BIONHE anao-
rudHa Tolt, goropas nabuwonaeres naa I, Ho oTIiWvMaeTes Konpwect
penno. Cea3p B Li, Oogaee jnuunag (2,67 A no cpasnednwo 0,74 A) n
ciaabas (25 xxan/moae no cpasitenun ¢ 103 krar/moan), vew B M, Sin
PA3AHYHA MOXKIO OOBLHCHWTL Tak. Bo-nepsux, 2s- M 2p-opGutaan Li
3HAUMTENIbHG THpe B Ootee 1uddysubt, uyey |s-opOHTanL Boaopoaa.
Takum ofpazon, WX TCHICHURS L NepeKpuIanuo Medee s(gxhexTHBHA H
MAKCHMYM MePeRpLIBAlUA HadI0TaeTCsT Opy OOJLIIEM MEMbLAASPHOM
paccTosiliy, qeM B cayuac | s-opSutann Bofopona. Bo-BTophIX, 316KT-
ponbi, 3acensiomye I s-moaypoBeHb aTOMOR Li, BLI3LIBAIOT OTTAIKHBA-
HHE aTOMOB, KOTCPOC YMEHLHIZEeT SHePTHI0 B3AUMOACHCTBHA W MDefft-
CTBYET TecHOMY COMKMKCHUIO HX.

Be,. Lis sToll MOTEKYIBL CICIVET OXUIATS, UTC UETRIC 3EKTPOHA
xapyr xoudurypauuio {o,)%(o%}. [Topsaiok cBA3H paBed Hy.J0. B coor-
BETCTBHH € 3THM MoJeky.aa Be, de Owlia oBHapymewa.

B,. Ha ocnopasuu puc. 3.13, § 1WecTh 2 1eKTPOHOB JOMM b ObLiH GBI
nate koudurypauwmio (¢,)* (o)) (n)® B2 anextposa Ha m-op6uTanu
JIONKHL MMETh CBOH CIIHHBI HECTIapPEHHBIMH B COOTBETCTBHH C NIEDBBIM
npasunaoM Xyuia (ctp. 45), KoTopoe MPUMCHHMO K BaNONMHEHHIO MOJIe-
RYJIAPHBIX opOuTadedl, Tak xe xak M atombnix opburanefi. C npyrofi
CTOPOHSI, COrIacHo puc. 3.13, a, AOMKHA CyulecrBOBATh KON(HTYpatlH
(0,)%{07)* {0,)? Ge3 HECHAPEHHLIX INEKTPOHOB, DKCIEPHMEHT IOKASBIBAET,
yTo MOJeKyJa B, Wmeer ABa HecnapeHHbIX 3JeKTPOHAa HA w-opbuTani,
TakuM cobpazoM, pHc. 3.13, O BuoaHc npapuaen nas B, [Mopajox
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cBSI3H paBeH 1 {ofHa uucTas fe-CBA3L, TAK KaK B3auMONeHCTRYE B3AKMHO
IOTamaeTcs). JT0 COOTBCTCTBYET BeAHUHHEE 3HEPTHH CBAsH 69 xran/moas.

C,. Ina sToH Monexynbl NOPANOK YPoBHEH Ha puc. 3.13, & upeacka-
apBaeT Kondurypauuw {0,)? (07)? (n)!, B TO Bpema ¥ak puc. 3.i3, a
IaeT xoHdHrypauuo (g,)* (o7)? {0,)® (m)2. B cayuae, ecnu ypoBHM
0, U T OuYeHL OJM3KH, BO3MOMNA Tarkmke woHburypauuna (og)?(o))?
(o) ()2 B Teuenpe AAUTENLHOTO BPEMEIH ocltoBroe cocTosfieke C, He
OLLTIC ACHBIM, OJHAKO GOCe NO3AHHE 3KCTIEpHMenTanbiikie gadnsie [3]
noKa3aj T, uro OCHOBHbIM cocroanden Apasgercda (o) (o})? (), xora
KOHQJHFquum (0% {a))? (o Y {m)* acmut 1oabK0 Ha ~610 cm™ ! poltie,
Crenyer OKWIATL MOPSIOK CBA3M, PABHEIE 2, 4ro COrfiacyeTcs ¢ Ha-
Gmojacmoit sHepTHell cnaA3n 150 rAd? HoIb.

N;. Hast N, ¢ o4edn BeiCOKOR arieprueit casu (225 kxaa/soas) U B OF-
CYTCTBHE HCOCITAPCHELIX 9JIEK'I'{)OHOB Moraa Onl 61’:1"!‘!3 HPHEM.J'I(‘!\[H KaK KOH-
durypanns (o) (6))? () (0,%), Tak u {d,)* (07}* (0,)% (n)?, Kakzasn n3
KOTOPHIX ZaeT nopapox ceasu 3. CrpapefsiHBOCTI NepBOH H3 HHX B
HATUTCLHON  MEpe [OLTBERKAAETCS TeM, 4TO HeciapelHud 37e-
kTpor B Ni 10 CHeKTPOCKONHUSCKAM MAHHBIM HAXONHTCI HA G-0p6u-
TaJH.

0,. HOna 3Toll MoJeKYJab  MOTYT c;mecmosa'rb KOH(HIY ALK
(7)) (612 (8,)* ()% (n*)2umm (0,)2 (6)% (n)" (0,)® (n*)% Tor  apyroft
BapHaIITM Hpe,ILCKEShIBBIOT, UTo C.,"{E,J,}*GT QRKUIATL TNOPAACK CBHA3H 2 H
nanuyne JByN lecnapeHumx »iektponos. Oba 3TH IDOTH03a XCPOILO
COTNACcYIOTCA € HKCTePHMCIEToN, MPHUEM FhCTIePHMCHTAIbHOE 3HAUEHHE
31eprau CBA3Y pasno 118 kxkaa'moan. MiiTepecno omierite, YT0 npHcoe-
Jnnenne 2eKTpoda kK O, BHI3bIBACT #03pacmaHue LIHHBL CBA3H (do,=
=121 A, d5,=126 A, do¥*;=1,49 A), B T¢ BpeMd KaK HOTEpSH 3JEKT-
pOHa TPHBOAHT K yKopouelwio caasn (do3=1,12 A). Kak noapoGao
6ymer obbacHeHo nosxe (crp. 134), Annua cBs3H H3MeHSeTCA OOpaTHO
HPOUKOCTH CBaA3K. CNEA0BATEALHO, YTH faHHbLIE HAXOAATCH B IPEKPACHOM
COOTBETCTBHH ¢ adextponnofl koudurypaured MO, Fax Kak opbutanb,
Ha KOTOPYH [OCTYNaeT 3MeKTPOH WAEH C KOTOpOf o yianaercs, sB-
J9eTCsH pazpuisagiouleil opOuTaako. CiIenoBaTelbio, BONPEKRH OOBIIIOMY
IICNIOKENHI0, VIanenne aJeKTPOHA }IIPOYHSeT cBA3b (MODSANOK CBASH
O/ pasen 2,5), B To BpeMs Kax HPHCOEHIIEHHE 3/1€KTPOHA €e ocaalns-
er (mopsrok cessy B OF u Of~ pasrwl 1,54 1),

F,. [Ipu noBGapiesnu ciie ABYX 5JCKTPOHOB K Kondurypauuu O,
3aMOMHALOTCS Bce opOHTANH, 38 HCKMoueHHeM o3, Mojekymaa 1e Aonx-
Ha MMETh HECIapPeniibix ACKTPOHOB H JOMAXHA o0JakaTh HH3KOH 3nep-
rdeil cpsisu, oTBeyaoulell NopsAKY cBs3M, paBroMy l. Momekyaa F,
IHAMATHETHA ¢ 3Hepred cesizm 36 KKaa/Moab.

Ne,. Takyo Monexyay He yAamoch oGHAPYKHTh. [10CKOILKY 3NEKT-
poOKHAH Kom‘purypau}m TpedyeT NOMHOro 3anOjiHEHTS BCEX MO npen-
CKa3mBacMBll DOpsioK cBa3u paped (, UTO NOATBEPHKAAET HEBOBMOM-
HOCTh CYUIECTBORAHHA TAKOH MONEKYJLL.

TMIPUPONA XHMHYECKON CBA3H 113

UTofk 3aKOHUMTL STOT Pasfed$ CPABHHM PE3YJIBTATHI, NONYYaeMble
merodamu BC w MO, npr paccmoTpeHun Acpsjika cBasefl B AByXaTon-
HBIX Mogexy.aax ot Li, no Ne,. Kax caeaver uz tada. 3.1, teopus MO
B 3Tof obxactin BooGule Jsyuine, wem npubauxenune BC.

Tabauya 3.1
[fopanox cesascit B HCKOTOPIIX TROCTHIE TOMOSAEPNMX JBYXATGMIBIX MOJEKYNax
Muoaexvaa Meton B Metog MO Sxenepryent 4
Lig 1 1 1
Be, 0 (paa 2) ¢ 0 0
B, 1 (wau 3) 1 1
C, 2 2 2
N, 3 3 3
Oy 2 (muaxaranTHag) | 2 (mapamaruutHan}| 2 (mapaMargHTHASR)
1 {(napavarHATHAA)
F, I 1 1
Ne, 0 0 0
& B fpeanoaomcHIN, IO (POCTAS, HUHH A H TPoiiHad CBEA2H KMemT sHeprur 2575,

108200 5 =300 K52t/ s0ib COOTBETCTECLNHD

© OnHako Teopua BC meomsia mpoickaldth, w10 Bee COHHEL SNEKTROHGE CRAPEHH, XOrA
5TO HE Tak.

3.10. Terepoaneprnie ABYXATOMABIE MOJCKYIBI

PaccmoTpeHHe TeTeposeplBIX  IRYXATOMHBEIX  MOJEKYJ  METOAOM
JIKAQ-MQ B OCHOBHOM He OTVIIYASTCH OT DACCMOTPEHHS TOMOAJEDHBIX
IBYXATOMHEIX MOJIEKY.I, 338 UCKIIOueHIM Toro 4to MO cranoBstes ne-
CHEMMETPHIHLIMA KO OTHOIIEHHIO K TJIOCKOCTH, MEPHEHAHKYIAPHONR OCH,
coeppumomecl ofa sapa U pasOueaomed ee na jape vacta. MO crposr
fyTem oOpascpaHust MUHEAHbIX KOMOHHALMA aTOMHBIX opbuTaniefl ABYX
aTOMOB; HOCKOJBKY ATOMBl TEREPb DAa3NHUHBI, TO CNCAYET 3afHCaTh
$a-+App, rae A, Kax npaprao, He paBio =1. TaknM obpasom, 3TH
MO He mMoryT DpEnCTaBHTL B LieNOM HERONAPHOE CBASbIBaHHe, B Ka-
uecrse npuMepos paccworpum HCI, CO u NO.

[Tpu pacestorpesun HCl reobxofnso yioMAHYTS AOCTATOUHO YETKO
0 Apyrom <akrope, BAHAILIEM HA YCTOHYHBOCTH CBASHIBAIOUINX MOJE-
KyJNApHLIX opburaneil. Ecan ape arombnle opOHTanu cnocobHbl KOMOH-
HHPOBATHCH C TOUKH 3PEHHS CHMMETDUH, CFTICHb, B KOTOpOl OHH MOTYT
REfICTRHTENBHO CMENTHBATHCSI, T. €. TEePSITh CBOK KHAMBHAYAJbHOCTE Ii
CAHBATHCS ¢ O0pA3CBEHHEM CBA3LBAKOIIHX K PaspuxAAlIHX MO,
JIOJ3KHA 3aBHCETh OT TOIO, HaCKOJIbKO NIPexIe BCEro CPABHHMEl HX 3Hep-
rdy. Fcfin ux 3HepriH pasjiMyalorTcs OYelb CHMBbHO, OHH BPS) JIH Che-
mHBaioTes Boobue. MateyMaTHuecku ABe HenopMupoBanEsie MO HOTXKHEI
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a BeNHUMHA A JOKHA OuTh HACTONBKO Maja, 9T0 Ly~ qa H = Pg.
ﬂp}'I‘HMH CJI0BAMM, €CHW 3SMEepruH HC CROTHBL, MOXKNO CHHTATh, 4TO
0y H g COBCERM HC CMCUTHTIAINTCSI Takoc nonowmenne B Goabluedl Had
MeHbLeH cTetent mueer vweeto v HCL 1 s-opfinrans H ou 3po-optutans
Cl cvemwmemoicd Jono b0 3prkiuene © 00PAI0BAIHCY CBH3LIRAIINE]N
1 paiprxamowed MO, no 3pr- 1 3s-0pduaan Ul T80TOI5R0 HUKE 10
sHeprHU, vew apyrae oplGHiadn BoJopoda {lakie, Kak 25 1 2p), aro
MEKIY HMMM e MOAET GLIi b 3aMEIHOTO CMellHEdHHA CJIPII,OBE{TE.."ILHD.
3pn- u 3s-opourtanya Cl B 310M C1y4ae Na3oBeM HCCBASHIBAIONIHMA OpOK-
TaNnAMH, TAK KK OHi HE MOTVT HH CIIUCUGCTBOBBTI;, HE 3aTpPy THATL CBY-
3bIBAHKE B 3TAUHTEILIOR CTeneliu.

Teteposacptyio Modexyay CO MOMHO PaccuaTPHBATL KAK BO3MY-
MeHnyIo Moneky Ay azota. C 1 O, pasnndanch NOpsAKOBLIMUA HOMEPAMH
BCETO A fBC CHMHILE, 06814107 aTOMHLIMIT ODOMT&ISAMH, KOTOpLle
JOBONBHO MOXOXKH, ofpasopanne MO [0STOMY JIGIKIO ObIIb IOYTH
TAKUM HC, KAK NOKa3auo Ha puc 3.13 and roMosiepliol ARy XaTOMHOH
MONEKY.IB!, XOTS 3HEPIUH ABY A Ha00oPOB aTOMHEIX opSmraledl He MOTYT
Obl1b B AZHHOM €1y714¢ NOI00pare 10MHO, JefcToiTe b0, MOCKOTBKY
opbHladd aTova KHC i0poT1d liecKoTbho Oojee CTA0WTRIBL, OHH MOTYT
BHECTH TECKO.IbRO (G0ARLHE BR131 B cBAsbiBarone MO, vev opburany
Y LACPOTA, B TO BPCMA KAk MOCACTHHE BIIECYT 1IECKOMBKO BOJLIHIT BRAA
B paspoixagioume MO, Taknv 08pason, XOTA IeCATh BAJICHIHLIX MeK1-
NOJIOB BK/HOUAIOT 1HEC1b AeKTPONOB KHCNOPOTA H UeTkipe 3a¢KTPOHA
YIVICpoaa, HH3EY 10 TIOEAPHOCTE MOQJIEeKY.AbI MOXKHO ODBACHHUTH TeM, HTO
BOCCML ¥3 HHX HAXONATCS HA CBA3HBAOMUX opOHTANAX, T/Je OuH pac-
nonoxeHpl Gnume k sapy O, uen K aapy C, cmocoSetbys, TakuM obpa-
30M, HelTpadusanuy Go.BLIeTO 3apsld A1pa aToMa Kucaopoia. B 3ToM
CaAYHae, KAK B LIS N,, MOXKHO [IPEICKA3ATE LBOPATOK CBA3H. PABHBIA 3,
UTC HaXOAuUTCH B COLMACHH © 3KCUEPVMMEUTAALHO OinE,‘l(—.‘JIEIIHO}U‘I aHep-
rrel cBA3W, paBHOH 250 xxa.r/moas.

Daexrponnas kouburypauust NO wvoxer Gwite ofpasosana nubo
YAAJEHAEM OMHOTO 3JAeKTpoHa K3 O, anbo T00aBIenueM OJHOTO JACKT:
polia K N,. B neliCTRHTEBHOCTH OHA MMEET HCCIAPEHHLIN 2eKTPOH HA
n*-op6uranu. NO fierxo TepsaeT 3107 3JexTpont, odpasy s NO* -KaTHON,
B KOTOpOM, KaK yCTaHOBJAEHO, CBA3b npoynee, yeM B NO {cp. pakee npo-
BelICHHOe O6CYMRISHHe WOHOB, ofipasoBadHbX Bz Q,). o meroxy BC
SIeK1 poHHYIC cTPy KTY DY NO MOKHO TOJYHUTE TONLKO, €I BOCHOMIL-
30BATECH CleluadbpHol I'unotesoit [loanira o TpexsnextpoHHOR CBA3N
H K TOMy KC MOCTY.JIHpPOBaTh, UTQ TpeXsaekTpounas csass (3.VII)
HANONMOBHHY [pOYllee, MCM JIBYX3IEKTPOHHAA CBA3b
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DTy BTOPYIO THII0TE3V MOXKHO OCMBICTHTE I noMollik meToga MO, rax
RaK, eCNH WMRITCs CBH3BIBAIOMAA U Pa3ppixJdlolias opburann, Kax
noKasaHo Ha pHe. 3.10, sueprad CBA3LIBAHHS, NOAYUCHHAA NDH padMe-
IIEHNY JBYX 3JEKTPOHOB HA cBasnBawoline MO, yuenbmmpaack Gkt IpH-
MEPHO BIOJOBUHY [PI [IOMEWECHIH [Perberc xIeKTpola Ha pasphlXaio-
myw MO. Mozexyaa NO cayxuT npumepon, koria teopus MO paer
Xopoiliee KaucCTBenHoe H300paKeHHe CBA3H Oonee NpAMO, YeM MeToJ
BC, Xora cyimectBywT npumephi, IAe CIPaBefIHBO oOpaTHoE.

3.11. MuoroaToMubie MONCKYMbI

Meton MO Henone3yior raaBHbiM 006pasoM LA TaKHX MOJEKV/, B
KOTOPEIX eCTh KpaTuble cBA3H. Bulile yake ObL1O PACCMOTPEHG, KAK Me-
toit BC onucsiBaer NO; B Buie peaonancHoro ruppura (3.V) B teo-
puE MO 3T0 MOMKIC BHITOIHHTB CIEAYIOULENM 00pason. Bo-11epBLix, npexn-
NOJGKHM, 4TO 11adop o-cBsizedt OGPA20BAIl ¢ HCHOCIB30BAHUCM HETLIPEX
S/CKTPOHOB H 4TO HECKCNLEO OCTANBHBIX [ap 3JeKTPCHOB ABMHIOICH
HecBA3RBawIuMy. Takuym ofpason, 3amuies oCTOB AAep H O-3JeKTpRO-
HoB Qopmynon (3.1X)

.

PN
:9_ 0:

*3.1%

Kponse Toro, ecTl, ueTHipe 3JeKTPOHA, KOTopule 11e08X0IHMO ONHCATh,
K KaApli 03 TPeX aTOMOB HMEET NYVCTYR pr-opCuTank (y3ioBas naoc-
KOCTb KOTOPOH €OBHAJAeT ¢ MOJEKYJAAPHOH [icckocThio). Ecaun Hexo-
IUTE H3 TPeX aToMunix- opOutaneil, To HX cieayeT oObCIKHHTE B TpU
MOJEKYJADPNREe opGuranu. OfcymieHne METORA, KOTOPhIM MPOM3Beend
NnpaBHALHAA KOUGHHAIMS, BLIXOJMT 32 PaMKH TEKCTa, HO fpuMepHad
dopma opGuTalefl 1751 NaHHOrO CIydyas NpHBejAeHa Ha puc. 3.14. 1,
npeacTaBAfeT Ccofol chAsmBaomylo MO, xapakrepasyoliyiocs nan-
MeHBIIel sHeprueil; P, — HECBAIBIBAOMYIO U ,~— PA3PLIXJLIONIYIC NP-
Guranu. ECau Yerkipe ocTaBmwikecs 3AeKTPOHA HOMECTHTE B STOT Habop
n-MO, Roaxua noayuntecs xouparypauda {(P,)* (P.)® (p,)° Cymmap-
HAfl 3HEPTHS, CAeJoBATeN Lo, OJarcnpuaTCIBYeT CBA3RBaHHI0. UTme-
THM, uto MO BooGIme npencTabiser coboll auneiinyo KOMOAHANUIO BCeX
TpeX ATOMHBIX opfuTanel, W HOITOMY ONHCAiNE CBA3K HENb3SH OTHECTH
K cBf13H, 0OpasopauHol 40KAAL308aHHOE AP0 9MEKTPOHOB, HO MHUHIb
TOALKO K OeA0KaAus08anHoIM  SIeKTPOHaM, JABarailinMca no MO,
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KOTOPBIE PACTIPOCTPAHSIOTCA BO BCeHl MONekyJe B ueiov Kpowe Toro, K3
npupofsl sacenenubix MO (f, u ;) CYEBHAHO, 4TO pacnipefeneHHe ve-
THIPEX T-3JEKTPOHOB CivvieTpuuno no x8yM NO-cBs3ss. JT0 onucande

CoAsunaniume Y= (9,+6,+4,)

s
Hecsususaioune :‘ Yo= J2(9,-9,)

()
@
®

© Fom e {h,+ $,-8.)
®

Paspuxanwowne @

T
Puec. 3.14 Tpuvepruit suax MO b mutput wore NOy .,

HIIOTAA BHIpAXKaIoT opyyJiol 3 X, B KOTOPOH Ny HKTHPHAS JHHHA yKa-
SLIBAET HAa CBA3b, 00YCIOBJIEHE VIO JeJICKaNA30BAHHEIMY JAEKTPOHAME HA
MOJIEKYAAPHBIX OpPOHTANIAX.

H

H é
I/ \?/H

B C\(I‘/ C\n
o5 g H

3X 3.X1 X

B merone BC Genzon onuchiBaeTcA B BHIE pesoHaHCHOTO rHOpHAA
EaHOHHYeCKHX cTpyKTyp Kekyne, Ilewoapa s ap. B nerore MO ero
paccMaTpHBAIOT B TPeXioioxeHHH ofpa3oBaHHA OXBATHIBAIOUIMX BCIO
mMoneryay m-MO Tlpexrnonarator, yTo KamkAbli aToM KCROMbL3YET CBOH
§, Py~ H p,~OPOHTATH M TPU BNEKTPORA ITHX OpbGHTaieit oOpazyloT
o-cBA3anublil ckeder (3.X1). Kaxawi atoM yrnepopa Hveer p.-opOH-
Tajkb (MpUHALIEKAMY KO K pri-THHY opbuTaniefl), CONepKAalLyI0 CHMH
IMEKTPOH. ITH PR-OpGHTANM MOTYT CNTHCA B PA3JIHUHLIE MOJEKYJAAP-

smrer AT

aJie ° , CefOBATENBHO, e Morgéﬁ?;;zlg
bie opOWTaiH, EX KTpoHEL 1a S (he CBA3H, HO MOTYT ¢
Ijioxanﬂsolaaum’ B Ollpenenendpe A Oﬁﬂ_Mo. 9T0’ nipescTaBaeHHe AOK-
nepeMemaThcst B € KP YT HAPRYIAPE =5 oy nyHKTHPHLIX anngi (3. X11)-
4o cpMBoanuec KEM M300pasuts npy r£o

wpa
JureP@’: P .
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ROTOpLIE pACIpoCTPansAoTea Bo Beelt Mojiekysie B uenom Kpoae Toro, ua
L

npHpoier 3aceserHbix MO (y, u ),) oueBHAHO, YTo pacnpenesierie ve-

TBIPCX T-3JEKTPOHOB CHMMEIPHYIIo o AByM NO-csizsiM. 3o onucanpe

CBsamagiolne @ i,

! Hecaaiswsarotve (3 @
96 5{(ﬂ‘;‘f":’l(gﬁl"ib:]
©
(+)

Paspuxiaowue

O, EBren

Puc 3.14, Ipuvepnnii Bag MO B HuTpiT-RONE NOF

RIIOTAA BhIpaxaloT opuystof 3.X, B KOTOPOi IyHKTHPHAS NUHKA yKa-
3bIBACT 112 CBA3k, 0OYCJIORAEHHY 10 ABIOKAIHA0BAHHbBIMH SJIEKTPOHAMA HA
MOJEKYNAPHBEIX OpPGHTANAX

H
N ,J:\C P
I
N Ny
% T
3X 3.XI 3

B wmerose BC 6Gemaon onuchipaercs p siuze pesoHaHCHOrO rHGpHAS
Xanoimuecknx crpykryp Keryne, Huioapa n ap. B merome MO ero
PACCMarpuBaioT B MPeANONOKEHHH OOPA3OBAHKA OXBATHIBAIOHIAX BCIO
Monekyny n-MQO. Tlpennoaaraior, uTo kampdi aton HCNOAkL3YeT CBOH
§-, Py~ M p,-0pGHTATH H TPH 3MIeKTPOHA 3THX opOutaleii ofpasymr
O-cBasanHeil ckener (3.XI[}. Kamanil atom yraepoda useer p ;-0pGH-
Tajk  (OIpHHALTERKAMYID X p-auny opOuTasteft), comepraimyio OJHH
SAEKTPOH. ITH PI-OPGHIAAH MOTYT CJHTBC B PA3MHUHDIE MOJEKYAs1p-
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Hele OpGUTAanW, H 3JCK1POHEl HA HHX, CICAOBATENbHC, HE MOTYT Obltb
JOKAAH30BAHLl B ONpejejieHubie ABOfibie CBR3H, HO MOryT CBOOOANO
nepeMeIaTbCst BOKPYT MHPKYAApHEIX n-MO 3710 npeicrasienie MOX-
HO CHMBOJIHYCC hH H300PagHTh IPH NOMOLIH Iy BKTHPHEIX anaui (3. X11).
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HEROTOPBIE CBOIiCTBA
ATOMOB, MOJELYJL
H XUMHYECKAS CBA3L

4.1. Buepruwn ceaneii

B npeipyines TeKcTe yie HeCKOABKO pa3 Obl1 WCTOAL30BAH TEPMHN
$IHEPTHSA CBA3KY B NPELIONOKEIHH, 4TO YUTATENDb VKE SHAT €T0 paHblle
HilHl €U HCNGABLI0BAHHE MOMKET Obllb NOCTATOUNO HCHO M3 KOHTeKcra.
B Zansom paszene a1o nomstHe OyieT pazolparo Bojdee nmogpoGHO.
Jlnst ABYXATOMHBIX MOJEKYJ SHEPTHS CBSI3H L) paBla SHTABIWH peak-
UHH

XY{)=X()+Y({@) AH=D 4.1y

NIpH YCIAOBHH, 4TO BCe MOASKYNEL K ATOMb! 1AX0JIAICH B CBORX OCHOBHBIX
coctognusX. Tounce, a7a s1ep1ust CBA3MN eCTh PYHKUAS TEMIICPATYPHI, I
My MITAM 3HAUSHHEM €€ [T0.HHO GBITL 3HAYCHHE O] IHAOTETHURCKOL
peaxuuk Tpn 07 K. D1k pasanuua mem1y semnmunsoil npr 0° K (npa-
BHALHO 00o3Hauacmoe D§ JUIS y KasaHds TOCO, YTC TeMieparypa paBHa
0” K u wro AByXaToMIag MOACKY.1d HAXOAKTCA B HHBIIEM, T. €. HYJAEBOM,
KO/1e6ATeILHOM COCTOSHUN) W SHAUCHHCM TIPH KOMHaTHOI TeMmeparype,
oGosHauaeMbiM Dyy,, Beeria nenenuku. Onu e npesbmanT ~2.4 £Kal,
H Beerna cupasenngo, 4to Dy =Df. Tak, D) nas H, passa 103,24,
a Dagy paBra 104,18 srat/soan. g Hamix nemefl pasaisms MEeMY
sHaMeHUAMA Dyoo w1 D HCBaxKHEL, W 103107y 6Y/EM LPOCTO TOBOPUTL 06
BHEPTHAX paspbiba cBsizel, Kak 0y ATO OIHU e 38BUCAT OT TEMHCPATYDHI,
H HCIOAL30BaTH oboshauenne D,

HecMoOTpst Ha 10 4TO sHeprusi CBSI3H ABYXATOMHOH MOJCKY.IB AeficT-
BUTRILHO ABNAETCA HKCHCPUMENTAJLHO NOCTYMHCH BeJAMYHHOR, cie-
AVeT TIRATELHO ONPEAEIHTE, UTO TAK0e 31ePTHH CBA3H B MEOTOATOMIBIX
MoJexydax. PaccmorTpum upocrefiimfi cayvail — cayuail MojexyJisl
tHila AB,, B koTopoll Bce B p4BHOUEHHO CBAIANLI ¢ A M He CBA3AHLI
mexly coboit. [lpusepon moxer ciyxurs Bl [lockoaexy ree B—F-
CBf3H BKBHBAJNEHIHEI, BCe 31eprau ¢Ba3H B—F NOMKHH ObITh PABHBL
Torpa, oueBuaHO, chpareliuBo OTHOWEHHE

BFs(1)=B(+3F ()  AH=3D,_p (4.2)
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Takum ofipaszoy, ecan W3BCCTHH TemoTh obpasopanus BF, (r), B (1) u
I (r), Jerko MOXHO 1oIcynTath Dp_g. D70 3HAYEeHHE HalLBalT cped-
HELL MepMooLHAMUecKO arepeuei ceAsi. (JIHAKO OHO He PaBHO 3lepruH
AH, npouecca (4.3)

BF,{(r)=BF,(r)+F (1) AH, (4.3)
TAK KaK CC/IH PajopBaHa ncpnaf CBsisb, TO XaDAKTED JBYX OCTAIOUIHX-
cs1 cBAsefl Hen3GeKIO I0MIKCH B 'eKOTOPOU CICUCHH A3MennThes. Tou-
110 Tak e AH, 1 AH, Be[osi1HO, BE PABHEL ONHO ADYTOMY

BF, (r)— BF (1) +F (1) Adl, (4.4)

BF (r)=B {n)—F {r) Al (4.5)

kak ne pasnul AH, lypapuenne (4.3)] unn Dp_p. Koneuno, cripaBes-
nupo, uto AH[-CAH,+AH;=3Dg_p, TAK KAk CcyMMa YPaBHCHHR
(4.3), (4.4) 1 (4.5} npuBonMT K ypaBHeHuK (4.2) W MOMmeET ObITb NpH-
menen aaxon [ecea. Hackonabko ke pasaumuumolcs AH,, AH,, AH, u
Dy._p, OTBETHTL HEAL3S, TAK KAK HOT JUCTATOUHBIX MaHHbIX, HeoOX0H-
MbIX JTHd HX pacueta .
BGpOHTIlO, pasndHa B 3MENIHAX nocaefopaTeLHO JHCCOUHAUHH
U MeXAY Kakokl-1u0o A3 THX u cpelneil sneprucii Mol yT OLITh A0BONBHO
Madll, NOCKOJLKY HE OIHA M3 CTYICHCH M€ CBSI3@HA ¢ H3MEHEeHHeM
B ruSpMAN3audn LENTpaibHoro avoma. Tax, 1id H,O wsBectabl cile-
AYIOIME Tafible {KKQalroas):
1,0 (1) =2H (1) + O (1)
H,0 (r)=H (r)4OH {r}
HO (r)=H (1) +0 (1)

YodH =Dy =109,5
AH = ~117
AH, = ~103

[MockoabKY aTOM KUCTOPOZA B OCHOBHOM COCTORAHMH MMQCT 1B flecna-
PEHHBIX 3JCKTPONA, HCOOXOAWVRA 118 ofpasosanua 1Byx OH-cpssed
B moiekyise HyO, TO 104MHL OBITh TOIBKO O1HOCHTENIBIO Hefoibiuue
HIMCHENHS B BANEHTHOM CCCTOSHHK TPH DASHBIX LIPOLECCaX, H 1Y OZHO
H3 JHX He TpebyeT ocoleHHo GobuIOH SHEPIHH BO3OYHKICHHR (NPOMO-
THpOBaNKA). B ciyuae raforeHuioB pPTyTH HabNioAaeTCsT COBSPLICHHO
Apyras CHTYAUMA, KAK NOKA3bIBAIOT CHEAYIOUINE AAHHBIE (KKAA/MOAL):

HgCl, (r) = Hg () --2C1 (1) Yo AH =Dy =58

1gCl, {r} — 1gCh (1) +CL (1) AH, =81

HgC! {ry=Hg (r)+Cl (7) AH,—=25

Pazpui neppofi Cl—Hg—Cl-cBsian BuisbiBaeT neGoabline H3MCHERHA B
cocTogHH# atoma g, B TO BpeMs# Kak NPH pa3phiBe BTOpOH CBSA3H
Hg—Cl atom pryTd Nepexojut U3 $p-COCTOSIHUS B OCHOBHOE 5°-COCTOA-
Bue, 0cBO0OH/As SHAUHTENBHOR KOJIMUECTBO HHIEPTHHU, KOTOPOe HacTHy-
HO KOMIIGHCHPYET SHEPTI0, HeOOXOANMYIO A5 PasphiBa BTOPOH CBA3H.
Orciona AH<CAH,. IIpyrum XopoUIHM NPEMEPOM CJAYKHT MOJCKY/1a
CO,, B ROTOpOf CpCAHAA TEPMOAHHAMHYECKAS SNEPris CBA3K PaBHA
192 xxas/moab, B TO BpeMs KaK 3IHCPIHH PaspLIBa KAwI0H H3 ABYX
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CBSI3CH paBHbI coOTBeTCcTBEHHO 127 M 256 rkasimoss. 3o pasiHyue
0GYCJIOBJICHO TeM, YTO VIAJdeHHe CPBOro aTOMa KHCJOPOJA BbIZLIBAET
IepeX0n OCTAIIEHCST CBA3SH H3 COCTORHHS NPHOAHSHTENbHO HBOION
B mpubIH3HTeRbHO TPOiKYI0 cpsisb B CO.

Tunst Moseky.1, B KOTOPhIX KOHLENUS 06 JHEDPTHH CBA3H Ofipelesc-
Ha HEJOCTATOYHO YEeTKO, ApefiCTaBJeHn! Hanboiee IIPOKO, a HMEHHO
TAKHMH MOJEKYAaMH, B KOTOPBIX COCTh [OBa HJH 60JCC BUNA CRAzel.
OueBuno, 370 MOMET GhITH B 5TaHe, B MOJCKYNC KOTOPOI'O INECTh
cBsi3eil ofioro Thia (C—H-caa3n) u cBsisb Apyroro thna {(C—C-ceaan),
WJTH 5TO MOKeT GLITh MCHee sameTno, kak B PCly, crpykrypa MOJIEKY bl
KOTOPOro HAMOCTPHpyeTcd dopmyaod (4.1)

4.1

Iee agcnaivaeie P—Cl-cBA3K He 3KBHBAREHTHE TPEM CHMMETPHYIEIM,
SKBHBAJEHTHBIM 3KBATOPHAABHBIM P—Cl-cBA3aM, B HOT HHKAKOTO CMBIC-
J1a npeionararb, MTO BCe HATH CBfI3efl 06MafaioT oXMHAKOBOH Npou-
HOCTBIO H 3Hepruel. B cayuasnx, 10106HBIX 1aHHOMY, HET EARHOIO OyTH
Ans OTIDE1C/CKHKSA 3HAUCHUSA 3HEPrHy TOR HAW WEO# cBsisu. Nas C,H,,
HanpHMED, MOXHO GBEITb YBePeHHENM B TOM, YTO CYMMA 6Dc_ny+Dec
AO0KHa ObiTh paBHa sHepruy pacnaga C,H, ma atomul, 1. .
CoHe (1) =2C(r)+-6H () AH=6D¢_p +De_

HO 3TC 46T OAHO YPABHEHHE ¢ IBYMS HEH3BECTHBIMH, TAK KaK yCTAaHOB-
JIEHCO TOMBKO, YTO

De_c=AH—6D¢_y (4.6)
HO He M3BECTHHl abcomioThbe aHauerus De_c 0 Doy, B geficTBHTENb-
HOCTH Ba’KHO 3HATh, YTO JIM ONHC M3 TAaKMX aGCOTIOTHLIX 3HAYEHMIT He
HaWICHO, CCJIH ONPCACICHHBIMH 3HAUEHHAMH CYUTAIOT SKCREPHMEH-
TaJbHO U3MEDEHHBIC. TeM He MeHCe MOJIHEIE CMBICAZ W 1OJE3HLIE BEgH-
HHHBI MOMKHO OKPYINIEHHO AOAYYH1b V1A STHX KOAWYECTBEHHBIX Xapak-
TCPHCTHK METOJIOM, B KOTODOM CTaBHTCA BORPOC O BHYTPeHHER CBASH
HHTEDECYIONUX JHAYeHHH. MOXKHO PacCUNTaTh CPeHIOI0 SHEPFHIO CBA-
sefi C—H B MeraHe, TaK kaK CyWECTBYIOT MOCTOBEpHbIE IKCMEPHMER-
TanbHble [aHHBIE, ONPEHeNsIOiie SHEPrHio Mpoiecca

CHy (r)=C(r)+4H (r) YaAH =D _y

Ecau npeanosioxuts, uro snavesne De_y B C,H, Takoe ¥e, TO MOKHO

noAcunrats Do ¢ nio ypapuesuo (4.6). IToche sToro oKaswiBaeTcs Bos-
MOXKHBIM H3MEPHTh SHEPIHIO (IpoLecca

CoH (7)=2CH, (1)

HEIOTOPHI CBOMCTEA ATOMOB, MOMEKYJ H X{MHYECKAA CBA3bL  19]

H MOXKHO OMHIAThH, YTO 3TA 3HEPTHS GVAET KOCTATOYHO XOPOLIO COTIaco-

BHIBATLCH ¢ PACCYHTAHBKIME 3HAYCHHSMH IAA De_e. W pefictBurentHo,

0lia COTMAcyeICs ¢ TOYHOCTBIO A0 HECKOABKHX [IPOLeHTOB. Ecau satem

PACCMOTDICTL HDIONECCH], NOADOHBIE TDHBEICHHOMY HHIKeE,
CH4{CH,),CH; ()= (n +2C () +{2n +-6}H (1)

TO CHEAYET OMHAATH, YTO UX SHEPTHH MOTYT ObITh BHIMKCICHE CYMMHPO-
BaHueM DOAXOASIHX Beauund Do 1 Doy, 3T0T MeTOT MOXHO YTOU-
HHTb, HpAYEM A GOJBIIEN TOUHOCTH MOMHO JOIY CTHTL, 4T0 De_p Me-
THNEHOBOH Py INILL CJeTKA OTaHualoTes or D¢ _j; METHNbHOH Tpymnnsl.
OKA3BIBALTCSH, MTO HPH KCHOAL3CBANHH G0bHIEro YHCAA JAHHBIX H PR
Pa3yMHOM ONepHPOBAHHH 3HAYCHUAMM PA3ibIX dHepruil cBasell MOXKHO
NoAYYHTSL 1Habop CPejlRX 3HAUCHHI, KOTOPHIH BOCIPON3BONHT 3KCNEPH-
MEHTANBHLIC 3HAYEHHS ZHEPTHH aTOMH3ANHY C TOYHOCTHIO JI0 HECKO/Ib-
LHX HpOLI,EHTOB. AEI&J[OI"H‘JHI:IE onepauiH MOM{HO BBINOJHHTL, HOMHMO
VINEBOACPOLOB, H M8 IPYTHX MOJCKYJ, XOTS 34nac TAKMX JaHHBIX B
GOMBIMHCTRE CAYUACE OLPAHHMEH; TAKHM DYTeM ObUIR NONYUYeHb! CPel-
HHe 3HAYeHUda snepriil cBAzedl, npuBefeHKLe B Tabi. 4.1.
HecoHxonuyo oTMETHTE, YTO IHEPTHH KPATHHIX cBA3efl, Kax M cjie-
JOBano 014 Th, Boollle BHIE, YeM S1EPTHE NPOCTHIX ¢BR3ell, HO ABOH-

Tagauya 4.1

Hexoropsle THOMYEME CpejEEe 3HAUEHHA PHEPTHA CBA3CH
nupH 25% (kxaa/moas 1@ CBA3L)

A. Iuepeun npocmoix ceasedl ?

B ca N [} F 4i P S (8] ur I
104 99 | 93 | 111t 135 | 70| 76 | 81 103 | 88 | 71 H
83 | 7 82 | 118 69 | 63 | 62 7 66 57 c?
33 8 | 85 | — | 50% | — a8 | 88(7] — | N
33 | 44l 88| 84| — 43 | =" 48 1 O
37 1120 V117 | 68 6l | 57 | — F

42.) 51! 54 | 8 | 69 | 51 | Si
4l | 531 76 | 65 | 5l
63 | 66 | 51 | —
58 | 52 | 50 | Cl

wig

46 43 r
36 1
5. Frepenyn wpamumx ceased
C=(_ 148 C=N 147 C=0 169 N=N 190
C=C 194 C=N 210 G=0 256 Ne==N 226

4 DHeprun Boey ¢oasell, RRMGEATE YTJepo), OCHOBAHE Ha Bednunse LT0,8% Kxaa/Moae
RAs TeNNOTsl cYSNEMaLHHE rpadeTa. JHAUSHHA, LOMEHCHERE IBLIA0NKOR, YOTAROBNEHE ¢ HC-
RONL3CraHHEM DASTHYRA 3ACKTDOOTDHILATEREHOCTH,
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Hast £8a3b B o0WenM He TOYHD B IBa pa3a Npousee Npocroll uaH Tpoi-
Hasg CBA3b il€ TOUHO B TPH Pasa lpodsee 1pocTofl.

4.2, DacrTpooTpHi@renhuoeTi

Konnenmua sIeKTpooTPALATETBHOCTH TPANATA GO TLITHICTBOM XH-
MUMKOB, HO TOYHOC OLPCICJEHHE e €1Ba M BosMoXio. | lepronauanabuoe
CTIpeHCleHye  «3JIeKTPOOTPHUATEILHOCTE CC1b  CHOCOBHOCTE  aToMa @
MOAeKyAe MPUTATHABATE XTeKTPOik» 6610 1arto Tloaunrod. Oanako sro,
Kak OVeT BHANO, ife TO Ke CaMoe, YTO CPOICTBO K SJIEKTPONY.

Pacemorpum case A—DB memIy  HeCXOAHBIMH aTomaMH A u B.
C1ouku 3pennst neTola BC, 5To vomKet Owr1b pesondiicHbil Fuépus (4.11)

A—B = 4B- + - A~ B+

4 1la $.11G 4 Ile
Ecau atom A swauntenelio Hodee 3eKTPOOTHLATESEH, UeM aToM B,
10, BEPOATHO, BKAAR CIPyK1ypul 4,11 6 He3HaunTe el U HM MOXKHO Npe-
HeGpeub. Moxno oxanaTh, uto yuacrue 4.[1B umeer oTHowieHue K pe-
JIM4YHHE PasHOCTH 3JeKTpPOOTpHuaTedbHocTell TAK, YTO €CnNH CTelenk
YHACTHA B OTHOIICHHE H3BECTHD, TO MOXKHO BEUKHCIHTL Da3HoCTb WIEKTDO-
or1puuareapioctell. TTOAMHT LPCOINOMUA IJF TOTO CJACTYILYD One-
PALLHIO.

PaccMorpum paHuble TaGa. 4.2.

Tadauya 4 2
MemoTe3onaine A4 BIX 10 SHeP 0 (B3R (K£Q1'H045) BAA OUCHKU
FTEKIPUOLPALTAIE TEHOCLCL, NI ICHHLLY RTOT OO Iln 1A 4
A B Da_y PE-p | D_aDp_p| Pr—u ‘ A are
F Br 37 40 41 57 16 4,0
3 F 42 37 40 129 89 9,3
Si Br 42 46 44 69 25 5,0

d T —
A=Ds m—¥ Py s Da R,

Pasauwunbic SHOPTHM JHCCOMUAlHH CBA3ell NpeAcTaBIsioT cofoll
3HAUelHA, TOJYUEHHER, KaK OMHCAHO BHILLC, H3 TCPMORHHAMHUECKHX
AaHHLIX AJA moderya Fy, Bry, FBr, SiI, u S5iBr; Meron ofpaGorku
THX JaHHBIX AHKTYETCA cnelyiomumu coobpaxennanu. Tlpexie Beero
OTMETHM, YTO B KamjoMm cavuae D,.p Oodblile, yem reoMeTPHUECKO
cpenHee u3 Dy uw Dp_p. 3Ty cpeguioo zHepraio Gepyr B KauecTee
(runoreTrueckoll) sHepru ceA3n A--B pns ciavuas, korfa ceazs A—B
Gbina bl YHCTO KOBAJACHTHOH, T. ¢, IIPEJICTARIEHA TOJbBKO KAHOHHYECKOH
dopmyiaodr {4.11a). PasnocTH A cuM1aOT «3HEPrUAMH HONHOTC Pe30-
HaHcar, 0OYyCICBJAEHHBIMA pe3otancom crpykryp 4.1l1a u 4.116. Ilpea-

i
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[OJATaloT, YTO ueM GOJBIIE PA3HOCThL IEKTPOOTPHLATENBHOCTEH, TCM
Bospie HONKEH ObiTh B HOHHBIH PE30HAHC H, CJEHOBATENBHO, TeM G0Ib-
we 6yner A. Ongako A HenponopuuclaTeHa PA3HOCTH 3HCKTPOOTPHIUA-
Teqpioctell xa—xp. TakuM obpaszom,

(¥F —x51) —{xBr—¥s,) = (2 —X8r)
89-—25==16
Oznako Boobule Beiwunza A's jogKia Obiib aTUTHBHA HIH NPAMEDHO
annurueda. CnelouBateqbHO, B paccMaTpHBAEMOM Clyuae

9,3—5,0=4,3~=4,0
OTCIO;U,a, HCNOIESY A COOTHOLCHHS
XA —ie = KA‘ ‘2

[Toauur cocTagus Tafauily OTHOCHTETL' TN X 3IEKTPOOTPHIATEIRHOCTEH,
Koucranry K npuHnnaor paBpon 237" 2 (T e\ BHDAMCHI B 21eK1POH-
BONBTAX}, TAK KAK 910 46T BRTUUUIIE DASHOC e B\ ZCOHOM 1N HCTIOMb-
soBauisa uHieprane or ) 1o ~4 Kawn 1 174 32¢6 1POVILIX MOTCHIAATOR,
I8 KOTOPHIX MOIANT OBl Tb H3RICPEHL! TOJILKO Hx Pa3HOCTH, TAK W B CIY -
yae 3IeKTOOTPRHIATSIbROCTC HeohxOTITve SEIEIJHKCIip{)BaTb NpoH3-
BOJLIO BLIOpaHHYID TOUKY. Jlanuele ObH PACCMOTPEHBL ¢ YUETOM TOYO,
yToBH MOMKHO OBLTO NONYYHTL Jawdyulliec B3AHMHOE coracue, eCiH
nate agementan ot C o F snauvenns or 2,5 10 4,0. Ecrecrreniio, nocae
Toro Kak IToJHHT TaKHM TIYTeM NoJyuHI NEepBYIO KAy 3JMeKTPOoTPH-
matefsHocTed, GBI OJyHeH: HOBBIE SHEPIHH CBA3EH M 3JHCKTPOOTPH-
UATCALIOCTH OHTM mepecuuTadbl. 3aveHus, NpUBeJeHEre B Tabn. 4.3
KaK «3JEKTpPoOTpHIaTensiocTd Ho [lonuury». ObLIH PAccunMTaibl METO-
gon TloadHTa, HO B o0IeM CTyiIac He ABAXIOTCS TeMH 3HAYEHMAMH, ho-
TOPLIE OH NGIVUHA NCPROITEYaTRIO.

C'[)E,IH MHOMKECTBA WCTON0B, HPeTTOMEILX 114 YCTEHORIeHUA IKC-
HEPHME‘HT&.‘IL»HO HIH DAacHCTHBIN [T TEM 3I1ayenui FICKIPOOTRRILANE B
HOCTell, YIIOMSHEM TONLKO ABa. ManantkeH H3 TEOPETHIECKHX COo0panKe-
HH MOKA32J, YTO TCHISHIMA atoMa B MOACKYyAe KOHKYDUPOBATbL C APY-
B, C HHM CBSI32MHBIM ATCMOM B NPHTSIKEHHM COBMECTHO 0b1a/laeMEIX
JICKTPOINOB, JACINKHA OuiTh npomopuwonansra ({--A)/2, T.e. cpes-
HeMYy H3 ero noTeNiHana MOHHM3aU¥d W CPOACTBA K sackrpony. Pusm-
gecKH 3TO PA3YMHO, TAK KAK CIefVeT KH1aTh, UTO CyMMapHas crnocod-
HOCTH aTtoMa JIPHTACHBATE JIEKTPOHH, HAXCNALMECA B COBMECTHOM
BNAJIGINH, MOXKET GRITh CPCIHIIM H3 BEJHYHN, CBA3AHHBIX CO CKAOHHO-
CThI0 CBODORHOrO aToMa VAEPIKHBATL CO BHEIIHHE IEKTPOHBl H ApH-
TAMHBATDL ACTUOJHHTE/ILHNE anekTponsl. Halineno, yro ecau spavenus
I v A BHIpaxensl B ACKTPCH-BOALTAX, TO 3HAUCHHE 3NEKTPOOTPRUETENb-
ROCTH Mo Ma/iiKeny MOXKHO CKOPPEKIKPOBaTh TaK, YTOOBI IpH Jeje-
HHH WX Ha 3,10 oMM janu Kpafife He3aHAUMTC/bHbIE CPRABKC OTKICHCHUS
or snausenyuft [lonuera. Trouwuneie SACKTPOOTPHIATEABHOCTH [Q
Maraureny npusefenst B Tabi. 4.3.
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Sunupuuecknil Metod Onnpena u Poxoea kKak OYATO MMeCT onpefie-
JeIHBIC HPERMYLIECTBA, 00YCI0BIeHHbIE KAK Pa3 CI'0 NOAHBIM H NPAMBIM
IMITHUPHAMOM. KH‘IECTBEHH}:‘IE onpeneneHns 3IEKTPOOTPHUATSTLHOCTH 110
Tlosuury HHTePIPeTHPYIOT caepyiomunM obpascM. [Mpennosarawor, uro
3JIEKTPOH B CBSI3F MPHTAHYT K OJHOMY K3 JBYX s1eD 10 3akony KyJona
FASS

Cuna =—3
p

rae Z*— sdexTHBHbI 3apal s1pa (KOTOPHIR «OLTYUIAET» 3NEKTPOH) H
r — CpejHee paccTodliue OT aapa. Z* ompenensioT, HCHOAb3Ys HAGOp
NapamMeTpoB SLPAHEPORANHA, NOFYUENHET HeCKonbKo net wasan Cref-
TEPOM, H + TPHHAMAIOT PABHBIM KOBAJCHIHOMY DalHyCy 4TOMA, KOTOPHIf
HiiSi TOMOSAEPTIOH JABY XATOMHOH MOJEK).1bl €OCTABJINET NOJTORBHIY MEXb-
afeproro paccroadusa, {KosanedTHbte paIuychl OYJAYT PacCMOTPEHBI B
nadpheimes), UTolsl BEIUHCAEHNBE CUABL, KOTOpLE SBAAIICH afcorioT-
HBIMH ZJIEKTPOOTPHIATENBHOCTSMH, OTHECTH K IIPOH3BONLHO BhIGpaH-
HBIM H OTHOCHTEdbHBIM 3HadcHuaM o [loauury, crpost rpagux, no
OCAM KOTOPOFO OTKJNAABIBAIOT 3TH CHJABI H 3MaYelud 3JeKTPOOTPHIA-
TensHocTh 1o [Toaunry. [Mo 2THM Touykam npoBomAT Hanlosice TOYHO
OPAMYIO JHHHIO H H3 ee TNaK/Aona K JAMHLE OTPE3Ka, OTCeKACMOro To
JUHAEH A OCH OPAHHAT, NOAYYAIOT /ey OLICe \ PABHEHHE A5 e KTpO-
orpuuarenbiocteft mo Omapery n Poxosy:

&*

xar = 0,359 27 4-0,744

[Toanwii Habop sJerTpooTpHLATeIbHOCTeH Mo Onnpeny ¥ Poxosy npu-
BeleH B Tada. 4.3,

Baxno oTMCTHTb, 410 JOAKHO HaGMIOAATbCs U3MEHEeHHE SIeKTPOOT-
PHUATENTBIIOCTH IEMeNTa OT O1HOFO COSAMIEHHS WU OAHOH Xapakte-
PHCTHKHK CBA3H K RPYFHM B 33BHCHMOCTH OT Er0 BAJEHTHOTG COCTONHIMS.
310 CTaHeT NOHATIee, eCAH PaccMOTpeTh onpefenedie Mannmkena,
ITpu crporov LpHvelieAHH opefleeBuA MadankeHa ciely eT nPHIHMATD
He JHAUCHHHA l‘ 11 A, OIAGCHTHEEeCH K OCHUBHOM}’ COCTOSINTHEY  aToM&a, a
3HAYEIINST, CBASHHHLIC C BQAEHMIHUM cocmogauey {Cy cTp. 86) atoma
B KOTIKDETIILIX COeJHIeHNX, & 3TH 3HaUelld H3MelHTOTCH ¢ H3MCHCHHEM
XdpaKkTepa BaJeHTHOro cocTosius. Tak, 1isl azora B s2p-BanenTIioM
COCTOSIHHH 3JIEKTDOOTPHNATeNBHOCT: To Mannukeny papua 2,33, B To
BPEMA KaK Aas spl-cotTosuuUs X, pabua 2,55, llepeoe w3 WHUX npusne-
neno B tabn. 4.3, Tak Kax BajeHTHOE cocrosiHke N B e€ro oObIYHEBIX
TPeXBaJeNTHLIX COCXHHEHHAX, BeposTHa, Bcerjda Gam3ko K s*pd. He-
Jeno NpelnoaraTh, UTo 3MeKTPOOTPHUATETLIOCTH, HIEMENTA HE 33BU-
cut oT ero pajentioctd. Cepa B monekyae SCl,, HeCOMHEHHO, AOJKHA
HMCTh  3CRTPOOTPHIATEABHOCTE, OTMMUHYIO OT SJEKTPOOTHHUATENb-
HOCTH copbt B Sty OueBuaHO, aT0M lo/nKeH 061a1ats BOTLHIM NPUTS-
JKEIHEM 3/1eKTPOHOB B BRICOKOOKHC/IEHHOM COCTORANHE, YeM B HH3KOOKHC-
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aeanoM. TakuuM ofpaaos, yucsaa B Taba. 4.3 He MOTYT CIYKHUTh TOUHOH
Mepoil 3AEKTPOOTPHLATEIBHOCTH, HO JIMIIb NpHMCPHOH XapszTepHCTH-
KOIl, BO3VIOIKHO CPEANWMH BelHUNHAaMU B DARY COEIHHEHHI KamIoro
5JIEMCHTA.

4.3. lmiaa cEaseil 1 ROBATCHTHBIE DALY ¢bi

JIauWel CBSI3CH, 1 € MeAbUACPHBLIC PACCTOANHS B MOJEKYyJax,
MOMKHO M3MEDHTB AMHOI UM (LocoDaMU, Il B HACTOANLEE BPEMs eCTl, 3HA-
UHTCALHOR YHCTO TAKHX NaHHBIX. ECIK paccMOTpeTh ToMOs e pHLIE IBY X-
ATOMHBIC MOJIEKYJR C NPOCTCR CBAI3BIO, TAKKe, Kak F, nian Cl,, aromam
F n Cl MOXRHO IPHAOACATD KOGAACHIHbE padiycs npocmply cesserl,
paBlible MOJOBHHE MEXKDBAJEPHOTO PACCrOAHHS B COOTBETCTBYIOMMX MO-
aeryiax. Cieayel o1Mel#fb, IO OYCHB HACTO CYMMA KOBAJEHTHEX pa-
AMYCOB PaBHA MEXKDBAICPHOMY DPACCTOSIHMID B MEKTa/I0relliax, Ta-
kux, kak Cl—Br (enuncnenc 2,13; nafitedo 2,11y, J1s saementos,
KO10pble He MOLAT 0Gpa3oBarth JB) XATOMHBIC MOJEKYJR € IPOCTLIMH
CBS3SIMM, HCIO.1b3VIOE TPy rue velodsl onpenesensis paliuycos, Tak,
nockeabKy paccrodnise C—C B and3e ¥ MIIOKECTBE OPraHHYecKHX MO-
Jexkys naigeno pashbiv 1,56430,01 A, To Kobagen1lbl patnye alova
yriaepoaa mpruuvaioT pasHeM 0,77. UTo0b ROIYHHTB KOBAJRHTTIBIA
pamuyc aroma asora, BuunTaot 0,77 ua paccrostus C—N B Moaexyie
H,C—NH,, tupu stoM nofyuatoT 0,70, Drum cnocoBoM MOKHO COCTaBUTS
TaGjuuy KOBAJCHTHLIX DAJHYCOB NPOCTHIX cBsizell (raba. 4.4},

Tabauya 4.4

HexoTopuie KoBaleHInble P4IHYCLI  DPOCTHIX  CBA3CR
(it ¢ Ipebl)

Ha 0,28 G 0.66
C 0,77 3 1,04
5i 1,17 Se 1,17
Ge 1.22 Te 1,37
Sn 1,40 F G,64
N 0,70 Cl 0,59
P 1,10 Br 1,14
As 1,21 I 1,33
Sb 1.41

# FlonomrwAa gnivaer comav o Hy paeda 0,475, MO 5TY QABHY
HEMR 451 HCHOAB3OBATL, eCiH H eBA+aK ¢ NPYTHMH  #TOMaMI
Saucuue 0,28 NoAYYeHO PhuBTIHECM paguyca X H3 Dasnuu-
HEIX EAMH H — Rhelpsef.

Taxxke MOXIO NOAYUYMTb M PalKychl KparHblX cBfsefl. Hampemep,
s TPORHOH CBASH palHychl aTOMOB YIJIEDOHA H a30Ta MOMHO BHIYHC-
JinTh U3 AMHH cBsAsed B H—C=C—H u N=N; onu pasnn 0,60 u 0,55,
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IPHHCHM A0is AnuKbl CB:3K C=N ou jaior Beanunny 1,15 no CPaBHEHHIO
€ 1,16, nonyuennolt akcnepsmentadbro. Moo CletdaTh BRIBOA, UTO
€M BEIUE NODSAIOK CBA3M MeXAY aTOMAMH, TeM OHa Kopoue, Tay, mus
AFAR Y TACDON-YIICPOAHEIX  CBA3CH THNHUHEL CJEAYIOUIME BEqHYHHLL:
C—C 1,54; C=C 1,33; C=C 1,21.

Cnpase nuBo, 01KAKO, TAKKE, UTC Ha NJAHHY CBS3H B 23HAYHTCALHOMN
Mepe BansdeT u rudpugusauns. Taxk, onpeaencno, uro C—C-paccrosinue,
pasHoe 1,54, oTHoCHTCH K CBRASH MCANY ABYMA $p*-rubpHIus0Bal LMy
atoMami, a C=C-pacctosnsne 0GBMHO OTHOCHAT K CBSA3H MEXAY ABYMA
SP*-THOPHIHAOBAKNBIME  ATOMAMH yraepoila, B To Bpemsa xax C=C-
CBA3b, [VIaBHbIM 00pA30M, HAGAIONAETCH MEXTY Sp-THOPHAUROBANHEINMU
yriaeponhbiMe - atoMamu. [lockoaexy 2 s-op6urassb yrnepoja Hmeer
MEHBHIHA CpefHuil papuyc, dem 2p-opBUTank, cienyer OMHIATE, MTO
ueM Gonible S-XapakTep UCMo/b3yeMoft opiutanu, Ten Kopode AoJXKI0
OhITh MeKBAAEPHOR PACCTOAHHE, TPH KOTOPOM Gyner HabmopaTbes
JAYUILHA 6aFaHC MEKY MEeDeKPHBAHHEM H OTTANKHBANHEM B C-CESI3H.
Orciofia no MeHbinel Mepe YacTh OMHCAHHOFG PaHee COKpaleHun AJHHb
CBASCH OMpeNenseTcs 9THM >(PMEKTOM, a He T-CBA3LIBaHUEeM. Bbilo ye-
TaHOBJCHO, 4T B CAyuae NPOCTOR CBASH PafiMyChl ATOMa Yriepoaa B
PASHLIX COCTOSHHAX FHOPHAM3auHH pasHbt sp-—0,77; sp* —0,74 u
sp —0,70. Ecniu yuects Taxske 3101 3hexs, To HEKOTOPEIE panec cle-
JIHHLIE BRIBOIbI O BAXIOCTH DE3OHAHCA NMPOCTHIX H KPAaTHBIX CBA3ed
CTQHOBATCA COMHHTeNbHBIMA. Hanpayep, C—C-cBi3b B unae pasHa
T015%0 1,37 A. Ecan npumars ammuy mpocroli C—C-cesizy PaBHOH
2xX0,77=1,54 A, saverHo cHsibHOe COKpallieHre 4 TOTAA HpeNoaaraoT,
UTo B jlononsetue K cTpyktype 4.111a 6oaburyo pons B omucannu BC
npHOOpeTaloT KaHoHUNCCKHe Gopmyarl 4.1116 u 4.111s.

+ .- - +
INEC—CEN wr I N=C=C=N: «~ N=C=C==N:
4.7lla Ale 4.1ll5

Onnakoe, eciu yuecrs, uTo aTou yIIepola umeer sp-THGpHINaaumio,
“ormuiaemas» niua C—C-caasiy B 4111 a pasea Todbko 2x0,70=
=1,40 A ¥ Baxknocts erpyktyp 4.1116 u 4,113 crauopstes He3nauy-
TEAbHOH.

K coxanennio, pacenorpessmi; Cyyail Hle HACTOMBKO NOKa3aTeseH,
HACKOJILKO MOMHO NPeAcTaBHTh cefe H3 NPHBEXEHHOIO BhlLle npumepa,
KOTOPbI OBl CMENHANLHO BHIGPAH, WTOGHI RPOHANIOCTPUPOBATE, KaK
NPHMCHEMA CHCTEMA TaKHX BSMIANOB B ZielictBuu. CymlecTByeT Moro
CAYHAeB, KOTHA OHA He YLOBACTBOPAET. MOXET MOKA3ATHCS CTPANHBM,
noueMy paadyc asora (0,70) noayues us C—N-cBA3y B MeTHAaMUHe
BmecT0 N—N-cBsiau B rugpasuse HyN—NH,, uto 6rio 6ut Gamxe K
lIPOLENYPE, HCNIONb3OBAHHON ITA pacueTa pajuyca aTOMOB IajloreHoB.
Orser sakmouaeTes B ¥OM, 4TO NOJOBKHA N—N-paccrosiiug B Moae
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Kyae rafipasuia pasta 0,73 ¥ ato Ke medt;ye'reﬁ ¢ ﬁo.mbmuu}f;r;?lu}:éﬁgj
THX JQHHBLX, 10y YeHHkx 18 fuibs N—X-cB#sel, naéomn B r;}-
0.70. (Beoaee mannnyo cBasb N—N B N,H,; ayuwe ofwAcH - N.)
KHBAHHCM MEN1y CBOGOMIBIMIT HDAMH 57€RTPOHOB HA aTgi\F )
Fule fojce NOPAHTENBHBl €T} au, N0I00HLIE coem{HeHHéo - 1’33)1:";}]0
MOJI@KYJBl KOTOPOFO DACCHHTANNGE DACCTONIING (DA 3H ‘:Tl "llam{e
1,81, B TO BpeMA KaK MCTHIIHOC DACCionie (‘{)‘leB:IH{?‘T ~1,5 - Taioke
!.l:ﬂﬂ MoaeKky st B, Britucaetnoe pace rosine B—1 _lU.lzK[ifl obmqr:o)
HO ~ 1,5 A (KOBATeNUTHLIA pariye B uelerno (:}[LGIIH&I; oafumurn o),
XOTS HaMepeniine pace rosHye pasno 1,30, [llovaxep w Cinse Hiooﬁnlleﬂa
NOJOKHIN, 110 MOCKWILKY 314 ¢y KOpoueiins» I-'iaGJI[(‘):&BIOTCH b(;DCTb}O
CRAZNX MEKAY ATOMAMH C TeOIHHAKOBOH 3ACKTPOOTDHUETEN cTeio,
TO Oli, NO-BHIHMOMY, 0OYC/IOBACHBI NOBBILIEHNEN HpOTIH(‘)CTHOFO e
caMbIM YKOPOUEHHCM AMHILL CBA3EH BCJISACTBHE HOH-KOB&HLH;}?‘} V‘;H
sonanca 4.1Vaw—4. IV {Tpy ananoriynble HOHHbE (QOPMbL) .

4 V6 (B0 aHanorudHLie HOHHLIE (OpMBL).
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[MosyroMy OHH NPELICKWIH ypasHehkHe, U3BeCTiioe Kak co?TnomeImIri
llomakepa — CruBencoma, KOTOPOC YUHTBIBACT 3T0 SIBACHHC H CTaB]"]
OAHHY CBA3IL B 3aBHCHAMOCTD OT PAZHOCTH E)J[(:‘K']‘pOO’l‘pHLlaIvE*..'lI];HOCTEL,
KOTOpas CHIysKUI (foKasateeM HOHIOTO XapaKTepa CBA3M. Ypapuenue,
BPEATORCHHGE V-, Hycel BT

Frp—1 ."3—0,09 xx—-.\'g|

Fae £y -~ KOBAJEHTHEIH paguyc atona A. 370 COOTHOUIENHE Hf]lbgcl)l\l}?;f
fieNe BEUNOJIHAETCA HE BNIOJHE YROBACTROPHICALHO, OLO R4eT TO, o Ka-
yecTRENce nPHGMIKeIHe, TAK KaK B OALIMX CNYHaAX OHO nE‘el‘{ b
BaeT CAKLIKON MAJ0E Y KOpoueHde, Hanpuyep aas Si——O 1 lS"*i_ ,a [‘3 ,:1| Se
rax canmkon Goabiioe, Hanprvep 1 C—CI. B cay q‘ae BT,y KOpO?L:;H
CBA3H MOXIO 14KKe NPHINCATL NOABNEHHIO JBOCCBAIMOCTH fo u? o
B—F, nockonsky Gop MMCET BAKSHIHYK) p-OpGHT-':lf"i’h H[dTUI:I q)'mgtr”a_
nanaer sanoagenuoii p-opouraasio (4.V1ael.VIG u ase apyTae &
JOTHYNBlE  QOPME)
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B SiF, n-cpasuBanne ¢ HCHOIB30Batue M 2p-opouTaet IF y 3d-op6pra-
A€W S1 MOTIO GBI TAKIKE HOBECTH K YKOPOUERHIO cByuzeii. Bepostho, kax
% IIOHHO-KOBATEHTNLIA DE30HARC, TaK u HPOABJEHKE MHOIOCEA3HOCTH
HIPAIOT BECEMA 3NAYUTCALHYIO POJE.

B sakmiouenne oo CRA3ATh, YTO KOHIENTHS ATOMNBIX KOBAJEHT-
HEIX PajnyCoR moneana, HO He CIe1y et oxinar GOIBINCTO COOTBETCTBHS
MEXNY MEMKATOMHBIMU PACCTOSTHEA MM, HOJYUEHUBLINK IKCTEPAMENTA b-
HO, H CYMMAMK KOBANEHTHLIX DAfNYCOB, ecan OKPYMEHUE OHOTO HJd
0BOMX aTOMOB 3aMETHO OTAMYAETC OT OKD)HEHUS TCx e ATOMOB o
MOJIEKYTAX BEIECTB, ANS KOTOPBIX By ONDEAEAeHD! 5TH Daiuychl,
MoxeT J1n HonHOCTL cBAZN GLAb CBSI34Ha KOJWHECTBEHHO ¢ OTKIGHE-
HHAMU Ol KOBAJEHTHBIX panycon? Kametcs JCTHYHBIM, YTO KOBAJEH-

HBIE PATHYCH HE MOTY I OUHCHLIBATE OYEllb TOUHO CBHAN 32MeTHO Hopl-
HBIM XapakTepon.

4.4, Ceasp nr MOJICRYIAPHAA TTONSPHOCTT,

Dextpuyeckas TOMAPHOCTL MOJIeKY.TLT BRIDAKAETCS €& Aunoiorssy
MomMermon. CHCTeMa, cOCl109WAs U3 NONOMUTRILIOrO 3apsaza Lx gy
OTPUUATENBIOND 2apsafta —y, VIaJeHHBIX Tia pacctosinye d, ofaanaer
AANOJBHLIM MOMEHTOM ¢ BesiMunHol xd. Eenu PaBHO sapsiay smexTpo-
Ha (4,80-1071° 571, c1. en) u d=1A, 10 xd=4,80 D (2e0aeBCKHX) e1p-
HULL. BaXHO nousts, 410 JM10ALHEL MomenT — BeTMYNHA BeKTOpHas,
TaK Kak oH ofnajaer onpeaenerHpin HANpPABJICHIEN TTAPHY © Beduyu-
Ho#l. [lpumeM npoussodbHOE YCJIOBHC, YTO BEK1Op HAaNpaBaeH B CTOPO-
HY OTPHUATENLHOTrO KOHUA [HAGJNS.

Hunombnptii Mosens MOJEKYIBl MOMKIO OPeNCTABHTE TaK, CJIOBHO o
ABASIETCS BEKTOPHON CYMMOF MOMEHTOB, CBA3ANHBIX C PASHLIMY YacTs-
MH MOJIEKYJIbl. ECTECTBEHIO, 1M COCTABARION e B3aUMO3aBHCHAB, Y
HH OIIC U3 HHX NIe MOMET GBITh HAVIEHICHO (€3 HaMelieHuf 110 MeHbiuej
MEPC BTOPOTO LOPAAKA APYTHX COCTaBafonMX. Cliauasns paceMoTpHm
TETCPOAIEPHYVIO IBY XATOMITY 0 MOJCKY.TY, Takyio, kak 11CI. Two6as Ta-
Kaa MOJeKYTd MOIKHA MVeTh TUIObHEL MOMETIT, T4K KaK 06a ee KOoHia
PASNUYHEL W DATHUHEIE (HAK TOPBE, RBI3HBAIOILHE ITONSIDHOCTL BEAHUHHOf
dx, NOTYT ObITh 1OUHO NOTALEHET OMHA APYICH JIMItE B CYY4e KOMITeK-
Ca HEBEPOATHLIX CAVUANRLIX OGCIONTCIBCTE. DnekTponnyio CTPYETYPY
HCI moxkuo Botpasuts ouenn TPOCTO, HANNCAB C& B BHAE UCH-KOBANOHT-
HOTO rHOpUia ABYX JBIOHCOBCKHX crpyryp (4.V1D)

- +
HCl -~

4 Vlla 4 Vife
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MoxHo Henosb30BathL ypasHenne (3.12), a nmenuo

p=(1—21+ 2}“2)_‘ ‘ [{ l ”'7') Yo+ )"Tplmn)}

W ONPeNeduTh NPOUCHT HOHHOID XapaKTepa B BHIe 100 A.
Mexbaneproe paccronuue 8B HCI pasro 1,27 A. Ecan A pasuo egu-
HHUE, 10 ABNOJbHLIA MOMENT ACTKer Owith pascd 6,1 D Fcnu npe:mlo-
JOXKATh, YTO ., COOTBETCTBYET HEMOJAPHOCTH {npe@onomenne, KaK
BCKODE CTAHET SICHO, OMHOOUHOE), MOMKHO CKa3aTh, Uuro, noc;&onbxy' Ha-
MEPEHIBIH JMNOAbIIA MOMCHT paBeH toasko 1,03 D, orciona {EJIEA}E_[‘
BLIBOI, 4TO IPOUEHT HOHHOrC XapaK1epa pased Junub 100x (1,03/6,1D)=
=17%, 1. e, A=0,17. TouHO T&K e MOKHO BLITHCIHTH NPOUEHTHYIO
010 HOHOTO XapakTepa, pasuyio 43, 11 u b cooteetctsenno gaq 1T,
HBr u Hl. 210t MeTon Guwt mpennoken Floaunrov xas (10TYYeHUHA CO-
OTHOILEHUA MEXAY PASHOCTSMH 3JCKIPOOTPULATSALHOCIEN U }’IpOILE}’H-
TOM HOHHOTO 3apaxtepa [EciH rpadHuecKd npeacTaBuTh 3aBHCHNMOCTD
NOJYUHHILIX IPOUENTHBIX A01CH OT Xx—Xp, FIE X\ — %JIEK1POOTPHIA-
TEHLHOCTH ATOMOB TaI0rCHOB, TO oMY UM MJTIABHVIO KPHBYIO, OlIHCHIBAE-
M} 10 ypaBHelkew ,
Hponent sovonio xapaxieps —= 18 (¢, — v ld

Oonyerny, 4T0 310 ypaBlienue CHpaBelIMBO U 107 APYTHX coe 1ne-
i, OfHAKO ¢eyeT OTMETH1b, UTO 1as HEKOTOPBLX KJA4CCOB, TAKHX,
RAK TANOreHHILl TWEJAOMELIX METAMIOB, OHO HEeNPUMEHHMO.

Ceiluac H3BECTHO, MTO STOT METON, BEPOATHO, HEMPHMEHEM K 415 apy-
FUX CAYYEEB, HCKJIKO4as KadecTBenHble onpexenenda. OcilosHBNM He10u-
MKOM ONMMGOK SBASETCH NPEUIONOKEHUC 0 HENOAAPHOCTH Py, Ha
CAMOLL TTCTe 0OIld TTOTANHA BCASNCTHBHC: cl) CO(EL'IBEHHO[O BHY IPETHer O
NOJHPHOTO Xdpanicpe KOBameHIHOU B3 II’U] Pmaga ODGHTB.H[)HOFO
MOMETITd NENONCAEHHBIX 1Ay A JICKIPOIOB I COUIHKH MHIIOMNLHEIH MOMEIIT.
Paccmotpum atu dhaktopm Gouce no;lpot’)ﬂbo.

1. Hoaspubiis xapanmep eemeposdeproti  cexau. chnn NpOTOH o
Cl* -voH — (MpeTONOKUB 175 NOCACLETO B JANHBI MOMEHT c.(’pepn-
HCCKYIO CHMMETPHIO M, CJEAOBATENbHO, OTCYTCTBHE COGCTBERNOND M-
MoJIs) fIOMECTHTHh Ha paccrosiwue 1,27 A Apyr ot apyra u 3ateM BBECTH
MEMAY HHMH ABA 3JEKTPOHA, TO CHCTEMA B LeoM OyJler HefiTpanbua.
Ecaiu LeHTp JeficTBHs 3apsiloB 5THX ABYX CBA3BIBAIOWIHX SﬂEKTP:C)HOB
fIOMECTHTL TOUHO HA CEPENIHHY DACCTOSIHHA MCHKIY AAPAMH, TO B TAKOM
cayyae CcHUCTeMa He GyeT o8a44aTh JIHUCABHLIM MOMEHTOM. OIIHaKF),
HOCKGALRY OpOMTaIIL BOAOPO1A 3HAYRTEILII0 MEHBIE OPOHTANN XJ0pa,
IeHTD NEUCTBHA 3aP#NOB CBA3KBAKUIKA 3TEKTPOHOR TONMKEH OBITh B.11-
A#ce k atomy H, uem x atoymy Cl, B pesyibTare uero nosiBHICS JH00/S-
HEI MOMEHT, T. e.

——

H-Cl
YCTAOBICHO, YTO STOT JAMIOABHBIA MOMERT paseH ~1,0 D.

5*
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2. Opﬁun‘z)a,rzbﬂme MOMEHIMbL HERODeAeHHBLY 3MEKmpotos. B kayecTse
MEXKLANCPHON OCH BHIOENEM OCL 7 CHCTEMB KOOPAHKAT ¢ ATOMOM xqopa
B HaYaae KOOpAMHAT. Ecam aTom ajopa HCnoab3yer aHeryio p,-opbu-
Talb 148 00DAI0BANNS CBASH, 10 B S0V CuIy1aAE ROHPHTY PALKS OC1aIb-
HbIX, HENOJEJCHHLIX WM 1RCBA3LIBAIONIUX SICKTPOROE GVIe! s*pind
B OIH HE MOTYT HHYCFO BHCCTH B MOJHPHOCTH CHCIEMBE. ‘;faﬂempnum
pacnpelesenst cepuyecku BOKPYF sjpa 41oMa Xaopa, p, {Taike
p,)-21€KTPOHbE PACNOJNOMKENB B JIUCKE, HEPACHAAKYJIAPHOM OCH 2,
C SLUIPOM 8TOMA XJ0pa B LuenTpe. Teneps BMEcTe 3Toro NPeRnoIcKu, uto
y dTOMa XJ0pa DOMHAs Sp -THOPHAHIALMS H KCUOMB30BANA OIHA H3
3THX THOPHIAHLIE opduTadtel s ofipazosauun cpasl. Ocrawouinees TPH

— S upfinta s

A

Pac 41 JInarpamua, WLTCHNYIOHAH 2dchT] IFIECRY K0 ACTN e T[T WMEK TPOHOR
W3 'HADITHO spP-opdniamn aaopa s HGL,

UAPBlL MWIEKTROHOR JONKIBI HAXOEHTLCH WA TPeX IKBHBAJEHTILIX THO-
PHAHBIX OPOHTANSX, KOTODLIE HMelo1 (opmy, TPHMEPHO (PHBEICHHYIO
Ha pHC. 4.1. Jlerko BRAETH, UI0 SJACKTPOHL HA TAKIX OPGUTANAX cocpe-
JOTORERLI [TABHBIM OGPA30M NOT TIOCKOCTLI) X7/, §, CAENOBATENLHO
AQIKCH TIOABUEBCS OPOUMAbROL GUAOABHOLT MOMCHIT . KOTOPbIH 1\10}«[16
BulpasHTh BEKTOPOM BCAHUHHBEL V BTOAL OCH 0pOKTaIH,. B Takos ¢ yae
CyWECTBYET BRAZL NUMOJLHOTO MOMENld B HAIPABICHHH  CBA3H
—v¢os 717 Han B UCIOM OT Thex Takux opGuradel:, —3vcos 71°, 1. e.

-3y o5 T1°
H—cl
(BexTophas cymma B OCKOCTH XY, ecTecTBeHHO, PaBHa 1yao.) Hanaee,
HE CICAYET [y MaTh, YTO ATOM XJ0Pa HMEET NO/AHYIO Sp*-rHGpRIHaaLHIo
H HTO HEHIGIEICHHPIE NAPBl BHECYT CBOLT BKAAT B MAKCHMAALHON CTElleHN;
cxopee CICIyeT O:KHI1aTh SHAYHTELHO MEHbLIIETO BKAAAa O HeCBATH-
BAIOUIAX 3MeKTPOHOB. EcTh pai mpuuun, 01H3Ko, notarats, 4T Hexo-
mopas TUOPHAH3AUHA BCE He A0axkla [POUCKOIH b,

HEKOTORBIF CROVCTRA ATOWMOB, MOMNELMT 11 NHMBUYFCKAR CBSY3b ]33

MOKHO NPOAOTIKKTE TY LeAb ApryMEHTOB Janeg, HO Ha 3TOM OC-
TAHOBHMCH H [IOUMOTPHM, KAKHE MOXKHO ¢leaThk ofline BRIBOALI OTHO-
CHTEABHO CBA3H MOJEKYTAPHOTO JUIGABIOTO MOMENTa B pazleiX ero
COCTABSHONIMA, H3 KOTOPHIX TPH TNannuie Onnl ofcymaeHbl. Bo-nep-
BBIX, €C/TH H HE NPENNOJ0KUHIb, Y10 BHYIPCHHSA COBCTBEHHAN 10JAAp-
HOCTL CBA3KH H OPOHTASLIEE MOMEHTHL HefloJeeHHBIX Tap TOYHC chanai-
cupoBaiibl MeXAY Co00fl (M eABa JI 5TO TaK 1714 BEEX Taj0TelOBOAOPO-
JOB, JAXe ecild 970 CAy4aiHOo M OCYHeCTRARETCA B OAHOM U3 HHUX), BO-
ofie He CYWECTBYET a priort Kakoro-n0o COOTHULEHUH MEXKAY MOJe-
RyN#PILIM THAOLIBIN MOMEHTOM W DIPOLEHTOM HOHHOTO Xapakrepa,
Kak Obl¥0 HPeAnodcKelo RHauane. B Ae#cTBHTENBUOCTH, €C/IH TOJAP-
HOCTBH CBSI3K Jact HatGoMbUIKE BKNAT, TO TOTNA MOVEHT MONCEM OKa3aTh-
¢A UANPABAEHHBIM [POTHBONGNOMKHO TOMY, KOTOPBLI MpeJCcKasLiBalor
IIPOCTIIE BBIBOABI, [1PUITHCHIBAIOLIAC TOMHBII MONMEHT pesoraucy 4.VI1 a
< 4.VI1 6. Crenyer yxasaTb, UTO UPC3BEIUAHHO TP YIHO 3hCICPHMENHTANb-
10 CNpeleauTs Kanpagaenue pwnons B vodexyde HCl wia B kakux-
JHGO APYTAX dHAJOTHYHBIX \MONeKynax, xoTa Gblin nokasano, uro H
p HI nonoxuresen no orHowcekno € 1. HecnoTpst Ha 1o 410 1pUseIeH-
Hoe ofCyIKIenHe MOMET HOCKO.1bKO O0CCKY PaIKHIL B CBOEM C1PCMACHUE
fepeHTH OT COCTOATNS YETKOH MPOCTOTH k HCONPCUCACHHOT CI0KHOCTH,
Bee KO HAUEro HeNb3® BLIUTPaTh, Jetas BILL, Y4TG BELIH NpOiE, deM
Ol 8CTH Hd CaMOM H810.

3aKONYKM 3TOT pasden PAcCMOrPCHHEM TOTe, KAK MOKHO o0l Ku-
HOABHLH MOMENT MIOTOATOMHGH MOJEK Y.Ll NPCACTABHTE B BHIE BCKTOD-
1O# CyMMBl PA3HBIX COCTABAMIOMMX AHNoAeH. TIpeanoaomu, ute HyeeT-
cst npaBWABHAA [MpantTanhbHas onexyTa AB,. Beoaenctsue ee cum-
WETYMIL H IHMOABHBID MOMCHI 10.14eH GRITEL NANPaRTIen BI0JL OCH CHM-
NETPHI IPETLEIC MOPSLIKa ko ko lus ock €sasa A—B ofpanyer
VLo £l ¢ 9TOM GCLIO CHMMETNHN, MOKIIO Chd4d] 6, 110 OBMHIT NIRRT
MOMCHT W NPETCTARALET COBOA BELTOPIYIO Cy MMY TPCA PABHBIN MONEIl-
ToB CBH3EH, KAmIpl B3 KoTonLx paneni(u,3) cos . K comamemmo, sta
caeva CAMIIKOM npocra, urodbl OuiTh 3 LOBJAETBOPHTETLNON, KaK Iloka-
FKeT CMIE/IYIOUIHA OpHMEp.

IEpe nupavugaisusie voneryan NH, a NF; Hae0T aunonbube o-
\eHTHl, papnse cootserctBenuo 1,5 w 0,2 D. 3rasa yrae cBasefi
(£ HNH—106,75", / FNF=102,5"}, vMoxuo 4CFKO BBEIMHCIHTE, UTO
vomeHT cBasn N—IH pascn ~1,33 D, a sowment ceasy N—F pasen
~0,15 D. Qapake Sega 33K104aC1CH B TOM, 4TO ITH DPEe3yilbhiathl, mo-
BUZMMOMY, He MOTYT BHI3BaTh A0Bepust. B nepByio ouepelib cleiyer

JR—

OXKHAATL, WTO JHIOABLHLIE MOMenT censu N--I7 jofmed OpTh MHOTO

Sonbie 0,15 D, Bo-8TopHiX, CCAM I0UYCTHIL, YTO JAMMONL CBA3K ONpe-

JIEAAETCH TOJAbKO PA3HOCIBIO ICKTPOOTPULATENLHOCTEH, TO KMHOMb
>

N-ﬁ JoNKeH ObITh MeHbIne, ueM mumom, N—I. Ecmt  oficyauts
N—H-cBa3b TaKk ke, kak H—Cl-cBasb, B yuecTh, UTO, HECMOTPH HA TCH-
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JeNLHIG  3TeRTPoU1 PHUATENbHGCTH BRIGLIBGTL  NOABAEHHE MOMENTE

N—II, pusHuna B pasMepax NepekpsiBdHust opblitasged MOMeT BHISBATE

MPOTHBONONOKNY IO IOAAPHOCTS, N—H, To elle TpyIHee NOBEPHTL, UTO
1o abcomernomy saaueninie Movedr N—H 8 ~9 pas Gonbue MomenTa
N—F. YuoBaeTBOpHTENbHOE OGBICHENHE MOJEKYTAPHLIX IHITOTLHLX
MOMENTOB MOXKIIO, OJHAKO, Naii[n, ecyM NPHHA1L BO BHHMAHWe THOpH-
AU3LAHID aTOM& a30Td U COOTBETCTBYIOUIHE OpOUTANLILIE MOMEHTHI He-
IOMENEHHHIX Nap JAEKTPOHOB 11a aTOME a30Ta B Kaxk10H MOJeKyJe.
FHabmonaemple yranl CBsa3eii MHoro Godsiue 90°, xoTs H He CTOIL Be-
ankd, Kak 109", ¥ MOAHO MOJETATHL, 410 8TOM 430TA B KEXEOM CAyuae

|

5 " l
: / X \‘\\H “uaa 1:"// [ \\\F “yon
|H 1 |

Pac 42 Jirarpduma, TPes TARNTOMASL heiteh i IPHBI THIOIEHE
MOMEHT Uy 0} B BHIE BERIOPHOH 3 MMLI MOVETITOR CBSL36W B MOVEHTA
UCIoAe 1O Laps werTpoRos B NHq n NF,,

CBASKIBAET TPH aTOua THOPHTHBIME Sp-OPGITATAMA € NeCKOIBLKO MeHb-
LIMM KOMHYCCTBOM $-Ad[AKTEPA, UeM 10. KOTOPOE HNEET MECTO B fIpa-
BUIBHOM sp*-Tubpu.te. (NE10BATRILHO, HETONRICHHA ITUPA 4CKTPOHOB
HE MOKET 3aHHMAETB YHUCIVIO S-OPOMTATL, CCJM  SJICKTPOHbL DACTpe-
JleeHbl CHEPUUECKH BOKPYT 4TOMA a30Ta U HE BHOCHT TWYCIO B Hondp-
HOCTB MOJACKY.TIA. ByEeCTo 3T0ro onK HaXOHATCH B s——p ,-ralpuie Tax,
uTo GOJLLIC COCPENOTOURHL! HAN ATOMOM 830Ta, YcM noj HHM. Caegosa-
T&TLHO, €CTH  HPeINoJOMHTb, 410 HalpaBiIeRHe MOMENTOB  CBH3H
N—H Taxoe, kax 6n170 noKazano, 10 4HCI VIO TIOJAPHOCTh KAMKIOH MO-
JCKYJLT MOXHO OOBHCHHTE NPH MOMOTLH BERTOPHOH €y MMBL MOMCHTOR
ceagell 1 movenTa ¢BOGOTHOR NapLl 3MCKTROHOB, Kak NOK3A34HO Ha
puc 4.2, Boofilile moMeH bl cBslsell HeAB3A TONBKO e ueTPHUSCKH CRA-
SRIBATE C MOJEKY.ISPHEN MOMEHTOM, CJI€1}eT YUHTRIRAT TaKKe THOpU-
AH3AUHI0 H DbICKAIOUIHE U3 T1iee OpSHTANLHBIC MOMEHIHl HENOIENeHHLIX
nap. Eme pas neo6xo1uMo npefoctepeysh: Aast HPELNON0KEHHST, YTO TH6~
PHAN3ANKIC MOKHO PACCYHTLIBATD M3 BeJMIHH VIVIOB CBA3CH, Tpebyercs
Cepheatoe MoNTBepncienne. BosmomHo, uTO OpGHTATH DACIIONOKEHE!
He MOYRo BIOIL MeMBANSDHEIX HANpPaBACHUH, T. e, CBASH MOTYT OLIEL
NEMHOIO usocnymoi. CyINECTBYIOT JOKa3aTENBCTBA TOrO, HTO NelclBu-
TENLHC \OTY! OBITh ¢fleTKa M30rHyThle ¢esaan [1], Tem He menee naxe
Jel KHA 13110 MoXKer CYHIECTBCHIIO HSMEHUTh 1HO PacueTa, YKa3aHHoIo
BbILIIE.
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4.5, TIerOTOPHIC 3ABHCHMOCIH MEHHLY CBOI Bavn ¢rasedi

Briuie yKe GBI paccMOTPEHB NAWHA H 3MePTHA CRA3H K 0TMEYEHOo,
uTO offe 3TH XaPUKICPUCTHKH HIMENRIOTCH — lepBasi obpaTto, BTOPAS
NPAMO — OPH W3VENelHd NOPAIKA cBa3n. JIpyroh HOCTynno# HaMepe-
HUAM XapaKTePHCTHKOM CBA3I, BETHUHHA KOTOPOH NPAMO CpS3ala ¢
NOPATKOM CBSI3M, SIBNSETCSl (UA08AA ROcmosrmas ¢psisk, CuaoBas 110-
CTOANHaH CBA3H Mexly arTOMamH An B onpcaeTHeT CH }]JZIBHCHHE‘M

- {4/ 1 -
v e 1]:? Vﬁfi {4.7)

L€ v — 4aCcToTa KoJefalMst CBs3i, BHIPAKEHIAsh BOJIOBBIM YHCIOM
(et ™) lnpunoxkenue 1], ¢ — cxopocTb ¢Bera H U — NpUBeAgiHan Mac-
ca ocunansitopa A—B (2). Ecau anauenne NOCTOAHHLIX BejudHil 10J-
CTABUTE B ypasienne {4.7) BMECTe ¢ 4uCTOBRIMU hakTopanMy, Y1006l 110
AYUATEH BO3MOKHOCTH LHOJCTAHOBKI a810MHbIX MAaCC, BEIDAMKENHBIX B GIH-
HHIAX OBBUMHBIX d10MHBIX Becos (1. e. 12C=12,00), To noayuuy, 410

W =17,0 Ti (4.8)
TaxuM ofpasoy, ety Gbila H3MCPCHA HacT1oTd Koaedauust v, UTO HaM-
fnaec ofBIUIIO APU CHATHH HAPPAKPACHOTO CEKTPA, HAKH CIIEKTRA KOM-
BIHALKEOIHOTG paccedBannd (Pamal-cnekTpa), TO MOKNO BLMHCTHTL
CUMOBYIO TOCTOAHHYID B MHOrOGTOMHBIA MOJNGKYJAX HACIO CYUILCTBY €l
CHeiLHOR 153\1141\IUIELI"ICIBHL‘ RICHA L KOJCBAHHSIMU frel3HblA OB @H, Taw
Hio PdedCT CHOIOBOH HOCIOANHEOH OT 0 IBHOH CBSLH T8 TLAS RRIOOJNHTE
OIMO NG KAKOH-TO G ATI0H My RoTvaenmins 9actor  Des he aeHee (-
LEECTBVIOT XODCIIC Na apaﬁmaimme METOTLL TJH PELECTiA 3101 347Td4h.

KauegTReHHBIE COUIH nd@HFA MENTY  IPCMS  AADDRICHHCIHKAMH
CBA3H — IAMHOM, 3HEPInCT AHCCOHMALMK H CHAOBO# TOCTOATHOW -
1ACTC BLIBAIOT TIONE3HBIMA A5 TPEACKA3alHS HIH NHTepTpeTalild (H-
JTUYECKKX CHA WAH xuvugeckuy croiere. [lockoabky W3BectTHo, kak
Kamaas u3 (IHX 3dBHCHT OF LIOPSIKA CBS3H, MOYKHO HAalTH 3aBHCHMOCTD
KakoR-1n00 OTHOH W3 HUX O IPyTiA.

B qacTHOCTH, HM3BECTHO, YTO:

1) ¢ BospaclaHueu AOPAIKA (BARM

AMHHA Y HelLIaeTes,

3MeprAA BO3PACIacT,

CHAOBAN NOC10AHHAR YREJIHUHBALTCA;
2} © BO3PACIAHUCM ATWHBI CBAZH

3NEePTAsl VMelbilaeTcs,

CHJAOBAS NOCTOHHHAR ) MCHBILASTCS,
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3) ¢ BO3pacldliiey SHCPriH

AAEHA Y MERBULALICH,

CHJIOBAS HOCTOHHAAS y BeTHYHBAETCS,;
4) ¢ BozpacrallMeu CHI0BUH NOCIOANHOIN

AJIHNA yMeHbLiae|cs,

SHepIHA  yBeJnuuBaeics

1l oano w3 3THX cooTHORENNH CojAbiied YalThio BE HBAACICH TH-
HelibiM B hAKOM-THOO 3aveTdon uHTepBade [Ha puc. 4 3—4 b noka-
3aHLl HEKOTOPbLIE IHITNYHDbIE CACMBE JIBHCHMOCIH O,IlIlOfi B3 XapakIicpHe-
THE oT Apy 1y QOpYy RDABEIX JEIKO 1101AIb, ICX0LA H3 DpOCTLIX €O
obpamenns Paccvorpiy puc 4 5, noropsid npeacrapnser cofof rpa-
(bl{K. ABMCEHAOCTH  IAOnHLL CARHaH Ol TORPHEIKA CBE3R 114 CRR|ZE
Monanblen — yraepoi. KpHRAA dCHMITOTHY(CKH TPUGTHKAETCS K Bep-
THEAbNIOH OCH, TdK KaX MO Mepe Tor0, KaK AJAKIA CBA3YH CTpeMuicd K
DECKOHEUHGLTH, CRBL NPHTHHKEHAA MEKIY a10MaMi CTPeMATCA K HY.JTIO.
Kpnpas rakmxe aCHMATOTHYECKHB NPHGAHIKACTCR K TOPH3O0HTANLHON AH-
HAH DPH MA,1bIX 3HAYeHRAR ANHHL CBA3H, C POCIOV CHI MEXAY aTOMANK
JANHHA CBA3H YMEHBLHIAGICA, 1O B KOMHIe KOHUOB CH1bI OP1QTKHBAHHA,
08% CHOBIEHHBIE TTABHBIM 00pa3oM OTIATKHBANIAMU MEXAY BHYTPEH-
HUMM SOeKIPOHHEME o00A0MKAME ABYY A10MOB, AOMMEL CFa1b Bac-
TOGABLRO GOJ‘IP’]LIIih’IH, UTO NATBHEHHICe BOIPACFAHUe B CHJIdN U])}TIEPKE’HHSI
crailel CTHUAOM HOOOMABIHM, YTOOH Aa.1bille B 3aMOTHGH CleneHi yKo-
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Pac 45 Tpadur sanRcioctd EALHE €BisH OT €€ NOpAJK

D e W WNCa E A Wing R M., Inorg
Chem , 4, 114 (1963}

PGFHTH CBA3L. DTH CH.IBL 0112, 1LHBARK pMeoT 0BparTyio 5asmm1:)t;b
o1 AAMAL €BA3M [ ¢ ouelb GOMBUINM UOKASATCIEN, npuvepHe 10—12,

a HMEHRo:

DopMaisitg nopuiok caask C O

Prac 43 TpadHx sasucunvocty WINHK CBS3H OT nopalka Basy 0—0 [Cottion
F A,Wing R. M, Inorg Chen., 4, 314 (1963)]

1
CHAbL OTTA ThNBAUAA MHONCPUHONATBUE o

MY CoOTHRIEN IS MOTAT OLITh HCIOJAL3OBEHEl B OHPE,‘leJIeHHle nog-
AOAALIHX cnyqaﬂx,
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4.6. Bamiepsaaincossr pagnycn

Pance 6ulnu o6ey xIcHH paccTodunus MEZy HOHAMH B HOHHEKIX TBEp-
ABIX BOIIRCTBAX H YCTAHOBJACHO, UTC MA MOMKHO CUHTATL OpPHMEPHC pas-
HBIMH CYMMe TOIXOAIIX HOUHBIX paiiycoB. Bruin PacCMOTPEHH Tak-
7KC KOBANCUTHEIE DAfHYChl, CYMMA KOTOPBHIX HOUTIH paBHa PACCTOAITHIO
MEKIY CBASAIHILIMM aTOMAMU B KOBAJCNTHBIX MoneKyqax. Qcraercs
paccMOTPeTh PACCTORHMA MEKAY ATOMAMH B WHIKOCTHX H TBEDAMK Te-
Aax, €CIH ITH ATOMEL He CBH3AMHbL Me (Y COB0A HORHO HIH KOBAJEHTIO,

Paccuorpi, HANpHNER, MHCPTHBIE rassl. ToT GaxT, u¥To UX MoxHO
IPEBPATHTE, B KIIKOCTL MIN TEED10E TO10, J0KAIEBAST BOOGILC 11a.1l-
UHE HEROMOpaLy CILT UPATSKCINA MeTY aToMaMii B [0 JKC BPCMA UCK-
JIOUBTEILH0 HUSKUE TEWNEPATY Pbl, HCOOAOLHMBE T8 11X KOIJIEencanu,
AORAIBIBAIOT, UTO 3TH ChIbl TPE3BLIYAITO MaTu. Takue ¢uibl OGbIUHO 11a.
SBIBAIOT cHaamn Bar-nep-Baansca, mo wvenn aatckoro busnKa, Koro-
PLIH BOEPBble OTMETHA WX BAXKHOCIb TEM, YTO Y4€J UX B ypaBIIEHHH COC-
TOAHHA Ta30B; HHOTAA 3TH CHJIbI HA3BIBAIOT TAKKE CHIAMH Jlotnoua,
TK Kak MX upupoia Ovl1a obbsicHeHa Dpuuen JTORLOHOM ¢ HCIOIh30-
BaHHeM KBaHTORONH MeXaHnKy, O HUX YHOMITHAI00H PAHBILE K&K 0 BTOPO-
CTENCHNIOA COCTABJASIOWER B TOJHBLIX CHAAX NPHTAKEHHAA B HOHHWLIX
Bpucramnax. B xpuciaanax wHOpTHRIX rasos OICYTCTBYIOT KaKHe-1HGo
JIERTPOCIATHNCCKHE B3AUMOACHCTBHSA, N BARACPBAAALCOBLI CHNBL §B-
JAIOTCS EAHHCTBEHHDLIMIE CRANNMH BPHTAKeNUA. Kak B HOHIILX KpHCTa,I-
JaX, DPaBROBECHBIM PACCTOSTIMEM MEMKTY ATOMAMH HBIACTCS 0, Hp
KOTOPOM CHJIBl NPISKEHHS ) PABHOBEIUCHB CHIAMH OITA/IKNBAHNY,
00y C/IOB TR HHEIIT NEPeK PLIBAHAEM BHEIUHEX YacTel ITEKTPOHHRIX Qf'd-
koB. TIOCKOABKY 5Ta cusa OTTAJIKHBAHMS BO3pacTaeT oueHb ObiCTPO ¢
Y MEUBILCHUEN  pPACCTOSINHA M CTAHOBHTCS CYIMECTBEHION ML npi
Cd€Hb MAJILIX pacCTOAHUAX, TO WOHHHI pagnyc Br™ M nogosmia pac-
CTOSIHAST WISt HaMbojiee TECHOTO COMMKEHHS ABYX aTOMOB KpHIMona B
TBEPAOM KPHTITOHE HE HOMKHBI OYClh CHILHO OTHYATLCS, BONPCKH pat-
JHIHAM B XaPaKTePe CHA NPUTIKEHHS. 3TY HOCAEIHIOn BEJTHUHHY —
TOJIOBHTY pacCcTonius HanCosgee TecHOrO cOWKCHHA aTomoB Kr B
TBEPAOM KPHUTOHE — [A3HBAIOl BAHACPRAATBCOBBIM PEAHYCOM KPR~
Tona. TeMm He MeHec BaHACPBAAIBCOBHI PANBYCEL 3HAYUTENBHO (Oibllg
KOBRICHTHEIX pankycoB. Tak, wonnwlil paguye Br~ pasen 1,95 A, Ko-
BanenTHB paamyc Br pasen 1,15 A, a Baraepsaanscos paguye Kr pa-
BeH 2,00 A.

BanneppaanbcoBhi PATHYCH Uit BCEX 3JEMEHToB MOMKHEO yCTANOo-
BHTb, CCMI U3 CTPYRTYPHBIX HOCICTOBAHHI MIBECTHLI PACCTONINAS Hali-
OOILIIEro COMHKEHNsT HX ATOMOB N0 OTHCWEHN K LPYTHM aToyam, Kor-
Ad HC CYNIECTBYET HHKAKOH XUMHYECKOH CBA3SH MEuAY HuMH. Tak, b
TB2PAOM GDCME IAHMCHBLICE PACCTOAHMeE MEXAY HECBA3ATHRIMH aloma-
Md Opoma paeno 3,90 A, uyto gaer BAHICPBAAARCORB PaAUyC, PABHBIN
1,95 A, Ecau paccaorpets, KPHCIAMIIBL, COCTOAWHE B3 MOJEKYA ¢ no-
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CTOAHHBIMH THIOGABHBIME MOWMENTANMH, TO JHIOAE-AHBIOABHOE Hp}{lﬁ)lifz‘-
e OVHEeT BHOCHTL CBOW BKAAA I ) CTOHYNBOCTE KDUCTAMIOB, HO HaH-
GOABIIEE CONHKEHNUT JABY X HCCBA3AHHBIY &TOMOB TCGM HC MCHEE MO0
CHHTATL C\MMOM UX BAHECPBAAIBCOBEIX paluycoB. Kdk Hasl MOHHLIX M
KOBAMCHIHBIX pannycoa, PLA ] B&ITTEDBHBHI)COBMK H3ReCTHH OTRJIOHE-
UG OT ALIUTHBHOCTH, MOCKCJLKY OCHOBHOC NOBHATHE CJTHIIKOM yNpo-
HIeHO, OMHARD OﬁbILIHO BC rpeqa}omﬂmm 70 AWM HCRC 1AL 10B MO}KH(O f[pld-
nucarh HaGop PajiHyCcoB, KOTORLI HaXQIHTCS I XO[IOLIEM COTJACHH ¢

Tabauga 4 5

BQIIﬂCpBﬂa‘TT:COBIJ PAINY CLL ATONMOB HEMOCTATNMOR fﬂlIT‘CTpEMId]

H 1,2
N 1,5 ] .40 F I,35
P L] 5 I .80 Cl .80
As 2,0 Se 2,00 513 1,95
Sh 2,2 Te 2,20 I 2.1b
Eﬁﬁflu?T.DTr?}irli Tﬁr:iu,urpat:ﬂ::Iairlfqgm;\om Komakia b o83 A

GOALITHM WHC TON 3KCMEDUMOH ABHBR TladEEX. Hatop Balmepsaam%-
COBHIX DATULVCOB, BLpcaennslx [losuHiom, npueeler B Ttaba. 4.0,

4.7, Moncry:mnpuan cumeTpis

Ecnu CUMTAT, YTO MOTEKY JIIL AMECT CHARMETPHKD, TO UMEIOT B BRIY,
YTO OMNPEICACHHBIC HaCTH €2 MOMKITO [TOMETIATD \{ECT‘BMH ¢ JINYFHMH Hez
IIBVeHEHHS BHEIIHCIO BATA MOJEKYJBl B HedoM. ['opopar, uto HacTH,
KOTOPHIE MOKIO MOMENSITh MCCTAMM, SKBUBAACHTHBL 10 CBOCH CHMMCT-
puu. HecmoTps Ha TO YT H3yueliKe NpaBBJ H COOTHOUIEHHH, KO1OpbIE
paspaloTaHbl AJ1f dHAJNK3A M BLIPAKEHHS CBORCTD CHAMMETPHH MOJIE-
KyJ, BEIXOAUT 33 paMxH J4HHOH XKHMIM, BCe e clelyeT KpaTKo ;1'3.:'10-
AKHTH HOMERKJATYDY. B nochAeiHe To4bl I/ICC..‘IUJ_'LOE‘}JEIT(EJ!bCKaﬂ JHTEDATY -
pa no Heoprammemoﬁ XHMHH BCE B BO2pACTAIOUIEH CTeIeHH NONGIHART-
Sl CCHIMKAMH HA MOJCKYJAADHYIO CHMMETDHIO, TaK uTo IIEO("JXOAHI\EO
DIHAKOMHUTLCH 1O VeHbIICH wepe ¢ HRICpAperauuel oG03HaueHH,
uyrofbl UHTaTE O Heil ¢ TOnHMaIge. -

C}*L[LGCTByIO‘T yeTspe cnocofa CORMEend 3KEHBAeNTHRIX YaCTeH
MOJEKYJIbl, HA3bIBAENbIS Onepauuamy cummempu, MoXHO PacCMOTPeTh
¥ ApyrHe, ONIIaK0 JOCTATOUHO H 3ITHX 4e1bPeX, KOTopbie OfLIYHO HC-
HOMb3YIOT! ) .

1. TlpocToll NOBOROT ROKPYT OCH, TPOXOAAHIHA yeped MO.TEK) Ty
Ha yroa 2m/n. 3Ty. OnePaLMi0 HA3HBAWT CODCMBEHHBIM BpauieHuem
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1 obosnavaior C,,. EcrecTsento, yto, ecau ee HOBTOPHTL # Pas, MOJe-

Kyna, Bpofins uepes BCe NOJOXKeHHsd, BEPHETCA K HCXOJHOK OPHEHTALLHH,
2. Orpaxeniue BCeX ATOMOB B ITOCKOCTH, fIpoXxoIAiiell uyepes no-

NCKYNy. 3Ty ONepaluio HasbBaAT ompavceriieM ¥ 0B603HAUAIOT O,

3. OTpaxenue BCEX aTOVOB UEPES LENTP MOJEKYJH. DTy onepaunio
HaA3bIBAIOT uMasepcued U oH03Hayalor f.

4. KomBuianus B mobom IOpANKE BPAWEHHA MONEKYJIEI BOKpPYT
OCH, NPOXOAAUIEH YePe3 MONEKYJY, HA Vrox 2n/n W OTPAMKERIE BCEX
ATOMOB B ILIOCKOCTH, NePNEHNHKYASPHON OCH BPaIIEHHA, HA3LIBAIOT
HECODCIBCHNGM SPAUEHLEM W ODO3HAYAIOT S,

T 212, s
<1 7N

T o
H/'\D n/\;16

Pac 4.6, Cxevs onepauun C, ¢ vonerynofi H,S, npuronawed x OpMeRTaUk,
HEOTTHUHMOH 01 HCXGIHOMN, 1 © Modexy 1oy HSD, peus weh x 3AMETHOMY H3MEHeHITH
ONHEH LTIHH

21U onepanuy ABITINCA ONePAUUAML CUMMPIPUL MOIDRO 8 Mo
CAy4ae, coad BUCIHHIA BUY MOACKY.IBI N0CTE OAHON 13 ofepanHil ocTaet-
Ol MIONHO TAKKM 2KC, KAKHM Ot ObWT 0 npoBeielus onepauuu. Tag,
PACCMOTPHM Bpaiuelue Mosekyasl H,S ua 2n/2 BOKPYr oOCH, Tmpo-
AORSMILEH 4epes aToM S ¥ fedsuneR ia Ape paBHble Yacti yron H-S-H.
Kak noxasano ua pue. 4.6, sta OnepanHd cosmellaeT aroMel [ u
cBi3u S—H. TTockonbky 3TH aToMbl B CBR3K IKBHUBAJIEHTHEI, HE CY-
HCCTBYCT HHKAKOrO (ASHYCCKOrO PasiMuust (T €. HMeoIero duznyec-
KUK CMBICA HJIH DUBHUECKH H3MEPSIEMOrO) COCTOAIHHA [0 H HOGAE Olie-
paunn. Onnaxo ans mosexyas HSD COOTBETCTBYIOIAA Onepalilia 3a-
MeHHT S—H-cea3b Ha S—D-cBA3b, 1 n2080pOT, U HAC1 YAST USMCHERNS,
nostomy ans H,S onepanus €, spaserca OnepalHed CAMMETPHE, B To
BpeMA Kak aas HSD ona ne apaserca raxosoi,

Hpoanaausupyes nekoropeie Tanuuupe OMEpAIMH CUMMETpHH. Mo-
Aexyay BF, moxao BHI6paib nas HIIOCTPAUKMK HEAOTO PAAA TaKHX
onepaunit. Ecau ofparwtbest g pue. 4.7, 1o BHIHO, BO-NEPBLIX, YTO
onepaumo (; MOKHO TIPOM3BECTH BOKPYD OCH, NepHerAuKYIApHOl
TIOCKOCTH MOieKynpl. CyIeC1BYIOT Takke TpH pasiibie onepanuu C,,
ROTOPLIE MOXKHO OCYIIECTBUTL BOKDYT OCeH, COBHANAIONIEL ¢ TPeMs
B—I-ceaasmm. Kpome Toro, CYWECTBYIOT TPH NJOCKOCTH, Kay<iad H3
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KOTOPhIX BrIWOYacl B—l-cBA3E W nepneHIWKyJsADHA [LJIOCKOCTH MO-
JBKYJTHI, B KOLOPOH \OMKET OblFh OCYUIeCTRACHO OTpaKenue o. Bozuox-
10 TAIKE OTPA3ATL MOJEKYAY B Cavofi MONEK YN PHOA NA0CKOCTH, A0Ts
fIPA 3TOM il GJI8H H3 ATOMOB HE NEPeMEeC1HICH, TaK KaK BCe OHH PACHO-
JIokeHbt o yTon naockocld. Flakonew, Bosmoxio epanense C, ¢ nocae-
AYIOUUM OTPAXKENIEN B MOJeKyAsiplioll 11ockocT# (anu nacGopor),
TAKKMM 00pa3om, cyilecTByer omepanns S,. EinuciBernas onepauus

Cs c,!
/B
e \
G F\
cau
Pac 47 Cxeun ocell onepanyi CHMUETPHI BPALIEHHA 1S mosewya BF,

CHMMETPHH, KOTOPYIO HeJdb3d OCYIHECTBHTH HJIA BF3:‘— 3TO OHepalius
HHBEPCHK ¢. MiTepecHo CpaBHHTH CHMMETPHIO TIOCKO# ModeKyIL ABy,
TakoH, Kak BF;, ¢ cunvelpueii nupauyianbyoii MOARK Y] AB;, Ha-
npudep NF,. TMocieruss ofnanaeT MeHbiuei CHMMETDHRH, Tak Kak
MEHBLIEE UKCTO OTIePALIT CHMMEIPUR BRITOABHMO ¢ Heit. Tak, gaa NF,
BCE €LIE BORMOMKHBL onepanda Cy; 1 oTpaXeHue B 1pex TVIOCKOCTHY, KO-
TOphie ONPele/enb ochlo Bpawenna C, U Kaxnoll u3 tpex N—F-cea-
3el, HO N0BOPOTH! BOKPYT ocil BTOpOro nopsaxa C,, orpameniie B
MOJICKYAAPHON MJOCKOCTH (KOrUPas HC MOMET CyLIeCTBOBATH) M OMe-
pauus S; — nCe ) IPAUNDAIO! 3HAueHHE.

ITpunepasl MOTERY, MAsS KOTOPUIYX BO3MOMKIIA Onepauus ursep-
cuu {, cayasur Xely (modexkyaa ero npencrasasier cofoll kpajxpat) o
OeH3CM (NPaBHALHLIN WCCTHY TOALHIK). B nepsom ciiyuae umeetes atom
8 YeHMpe cuMMmeniput, T. €. B TO4Ke, UEPES KOTOPYIO MOTYT GbiTh OTpa-
JKENBl Bee aToMbl. B catyyae GCH30/3 HHKaKOIO ATOMA B MEHTPE CHMMET-
pru HeT. (JEAYeT OTMETHTE, UTO €CAH MOJEKYJAA MMEET LCHTP CHMMET-
PHH, OHA JOJMKIA COCTOATL U3 YeTHOIO UHCIA BCEX ATOMOB, KPOME Ofi-
HOT'O, KOTOPHI MOXKeT OuiTh B errpe. Takum obpasom, BF, ¢ HeueTHbIM
YHCIGM OJIHOFO BM.1Q 4TOMOB HC MOXET MMETDL HEHTpa CHMMETPUH.

Beitie 6bi10 ckazano, wio gas BF, Bosmoxaa onepanus S“B, HO OHa
cocTont us onepaitdil C; 0 ¢ {B IWIOCKOC1H, TEPTIEHAHK YARPHOH ocH C).
HecoGereenroe Bpanieline S, MOMKHO OCYHIECTBUTDL JIA TAKHX MOJEKY.,
B KOTOPbIX C, M CODTBETCTRYIOHICE O HEBOSMOMHBI KAK CAMOCTOATCAb-
fible onepanun. ITpUMEpOM MOXKET CYMKThL MOJEKY/a 3TaHa B ero 3a-
TOPMOXKEHHOH Kongopmaus. Kak suaso us puc. 4.8, eciin nopepnyth
Monexyay Ha 2n/6 Bokpyr ocn C—C, onepausu CHMMETpHH Me MpPOH-
30H1€T, MOCKOIbLKY BCe illecTh arovoB H CIBHHYTCA 11a MecTo, rje Ao
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3T0I'C HX He ObL10, T. €. UYTEM BLIHOJITEHHS TAKOI CNEpPALHH MOJeKY-
Ja tie NPUIET B COCTOHHHE, HEOLINYMMOE OF HCXOAHOrO. AHamOTHu-
HO, €CI1H  BCe aiOMbl OTPA3HTL B ILIOCKOCTH, MePIeIHKYAAPHOH
och C—C u uepecexaonieil ce B ICHT[, To aTomMui BOAOPOA TaKzKe
TEPEMeCTATCST HA Te MeCTa, 118 paHbluC WX He ObLIO, Kak 310 1o-
Kasano Ha puc. 4.8. Oapako, ecan OCVIMECTBHIb TOBOPOT Ha 2a/6
1t 38TEM 3PKANLHO OTPABHTL WM CHAYANA 3ePKATLIC OTPA3UIb, 4 3a-
1EM NOBepHYTH Ha 2:4/6, To wosekyma nepeiiteT s Kougpury PALKIO, KOTO-
Pan IACHTHUNA NCXOATOH. Baycro OTMEIHTD, UTO HOMEPa, MpocYaBie]-
HEIE ¥ aTOMOR Ha pHc. 4.8, TOABKO [OMOIAIOT HATVIAANOCT] onepaunii n
HTO ¥ STUX OGO3NAYEHMI HE1 HUKAKOIG (DUIUHECKO20 CMbICIA,

Hy
H3\\é/“]
Hg" ’\‘Ha
Ca H, o
H, / \ H;
HH-EJ 1, . Mol | Lo
- — oy
Hy” l\\‘H) H,/l. \H4
Fty \ c/r l!iz
H,
)
Ry |“‘Hg

Puc 48, C\emam, ROKAILIBAOIEASL, UTO HH Cf TWH G, T8 ABNSIOTCH ONepai vk

CHMME [DHH 119 378 (1200paaennore 1o ocd C—C), B 10 BPEMS Kd¥ COBNEC ! HoE

npuMenenne ofenn onepanni, upencTaBngOWEe OLEPALH Sa, aBagerca one-
palneH ('H\]I\]e]'pﬁll

Haace, onpeieaus u MPOUILTHOCIPIPOBAR  ONEPAIUIH  CHNVET Y
OBPATHRICST K APy 1OMY HOHATHIO, 4 HMEHHO K HOII% FHIo SACMEHIMOR Cil -
MEmpuy. SNEeMEHTAMH CHMMCTPHH SIBIAIOTCH OCH, MIOCKOCIH TOUKH
OTROCHTETLHO KO10PHIX WJH NPH NOMOWH KOTOPLIX OCYINECTBASIOT Oie-
pauun cHMMeTpHH. CneloBATEIbHO, CCH MOKHO OCYIIECTBHTE onepa-
uuwy C,, TO MOJIERY 1A 061a7a0T ocbio cumMmempun n-20 nopsidra. s
NPEACTABJICHHSA ¥TOR ocu Henosb3yen ofosuavenue C,. ARamorduso
OCH, BOKDYT KOTOPLIX BBLUIOJHMIOTCA HeCOOCTBEHHLIE Bpalienus S,
ABAAIOTCA Sp-0csiMH. Bo3Moxi0, 4To 0112 ¥ Ta e THHMS O,II,HOB[L)E\IBHH(;
OYAET OChIO CHMMETPHH Pa3NbLIX BHICR.

[laockoct, nenonnayensle aan onepailvii oTpaxenus (4), gBasior-
€A SACMEHTOM CHMMETPHH 6. UTOGBI OTAMYHTL PA3HLIC BU B CHMMET-
PHE, KOTODEIMHM oGlajdeT ofilla i Ta K MOAEK).1a, OGC3HAYCHHC O
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yacTo cHadxanT willekcamy. Ecnm Momekyna HMeeT OHY OCh CHMMET-
PHH BBICOKOI'O HOpsika {110pAROK YKasSLIBAIOT HHIOEKCOM 1), 3Ty OCh pac-
CMaTPHBAIOT B KauecTBe gepTukankHoi. JHOGYIO IKIOCKOCTL, KOTOpas
BKJIIOYAET BEPTHKANbLHYH OCb, Ha3blBAKYL B(‘pTHKEIJIbHOﬁ ILTOCKOCTBIO H
ofo31ayatoT 0,, €CIK €CTh HJIOCKOCTH, HEPHQII,ELHK}'J’IF[[)HB]E BEPTHEAME-
1ol ocH, UX HaA3LIBAIOT TOPU3OHTAJEHLIMU NVIOCKOCTAMH O,. TakuM 00-
pasom, B mMosexkyace BF, ecrs 0, u Tpu g, a B moaekyne NF; Tonesko
TPH 0.

Kax yie GblT0 OTMEUEHO, TOUKY, YePe3 KOTORYIO NMPOH3BOAAT onepa-
LKIO HHBEPCIY, HA3LIBAIOT LEHTPOM CHMMeTpHH. Ee ofosHauawr |

Temnepk MoXKHO O0BACHUTE OCHOBHBIE PABU/IH, KOTOPLIME BblDaMANT
CHMMETPHIO MONEKVE, HCOOAB3YA COOTBeTCTBYIomKe ofosHavenns. Boc-
noabsyeucst obosnauennsayy Llendanca *, Tak Kax WX naubonee yacto
LPUMEHSIOT LT MOTEKVJ CTIEKTPOCKOHCTH, XHMRKI B Guanka Kpue-
Taaaorpadsl OOLEIHO HCLO.IL3Y 0T JApyTod Habop oboaHaueddit **, ocHo-
BAUHBLIA 112 1HecO0CTBEHHCN BPALEHHY, KOTOPOE ONPEIeNeHo HHBIM 00-
pasom.

1. Crauaila paccusrpUy MOJEKYVJL, KOTOpLe 00iTafanT TONbKO of-
M 3JIEMEHTOM CHMRIEIPHH. 3TO Mo#eT Bwllb ¢, O, C, w4 onHa H3 S,
YeTHOTO MopAAKd. [1o NpHYMHAM, BBIXOISUIMM 34 PaMKM JAHHOrO of-
CyHCHAA, OrpanyuuMced HWb 3areuantent, Uro Sfg NHeYeTHoro nopaaKa C
11€06X0IUMOCTIO O3HAYAET, 4TO HMEIOTCH ONpeiededHLie APYyrue 3ne-
MEHTE CHMMETDHH, H TOIAa MOJeRKY.Ad npm{aﬂ.ﬁemm K GIHOMY H3 HaH-
fonee THIATETBIO paBpaﬁoTaHme Knaccop CHMMETPHH, KOTODLIE ONH-
cauel Hue, Knaccw! cuMMeTpRH, ocilopailiible Ha HAJHUHE ITPOCThIX
WIENEHTOB CUMMETPHY, VKa3aHbl B Tal.l. 4.6,

2. Ecau mozexyia of.aajact He rodnko ocsail C., HO W HaGopoM
BCPIANATLITLIY mIockocTed g, OHd HPHITAITERAT K KIacCy CHMMETDHHR
C oo OOBIUHLIMEE NPHNEpaVH ¢ 7Ty KAT

€,,—H,0, BCIF.,, €;,—NH,, PFy,
CyHUr{CO)y  Cy—1F;, BsH,, SCIF,,
S;NyH,y (om, ctp. 390, w. 2); Gy, —TICH,,
C.H;NiNO, Cygpy—C,HgCoNOQ

3. Ecnu vomexyna ofinanaer ocamu C, d TOPH30HTAALHEIME IJOC-
KOCTSMH Of, OHA HPUHATIEKNT K KJiaccy cammerpuu C,. IpEmepH
oTHocHTenblio perkd: C,, — mpauc-N,Fo, mpanc-C,HCly; Cyp—
B (OH),, ecau ona niockas. CielyeT oTMETHTD, 4To KomOuHaung C,
H 0;, ¢ HEOGXOTUMOCTLIO Tpedyer, uTobsl Gul1a B Hanuuud u S,. Kpome

* Ci§7a10T, uT0 0003HAUEHHA OOLIYHD CHMBOTHIADYIOF TOYeUHLe rpymmel. [lo-
CKONBKY B IAHACH KiHTe He 6y 1eT ofbACHeHO 3HaYeHHE BLIPAMKEHH A ¢ OUYHAN rPYNInay,
fyaeM PACCMATPHRATE HX KaK CHMROAL KIACCOR MTH THIOB CHAMEIPHH,

*= JLin passpefimed HudopManMi M. COHCOK JHTEpaTypul, 0cofello KHHTY
bpania v Cnuguana.
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Tabauya 4.6
K18 0Ll CHMVETPIH, OCHOBARHLIE HA NPOCTHLY SJMeVMCHTAX CHVMETPHH

Karaer cov Lemen e
MCTPHA CHVMLTHE Hpstan per 0 npasredansin
o L 3TOT THE CHMMeTpHH BCTpEMAE 1L PelKO,
Peansnun npuMepos ananercs
i
e N
Hw | Pt !
Oy N\
¢
Ce o He ocofienno ofitluen
S P
AT\ B
¢ o Br/ \.
C, C” Heobryen
CiH O,  (cm pue 13 2y NoHy (oM. cxemy
waerp. 172, u. 2), yue-[Coen, X1+ (e, cip 1562)
Co . HaNBF; (ucxmdas oavuall TOMKO 340 TOHEeHHOH
KoHbopManyn, Toraa Cayl
S, Sp Heobu4en
SiSNGEy (em pries 21T

roro, CCME £ SeTHOE, TO MOABRTARTCI TAKMKE I LEUT) CHMMET|YHH. Tex re
seHee €, BMECTe ¢ 7, 00PasyIoT ONpeieAIouH HeveHT, NpuYeM Aps -
THC 3CMCH1BI CHMMCTPHM RBISIOTCS JO! WUECKHM CIEICTBHEM HuJHUHS
JIBYX NepBhHIX.

4. Ecnu moaekyna oGnanaer ocklo C, 1 HaGopoM ocefl C,, Hepreu-
IHRYAApHRY Ch, TO OHa MPHUALIEKIT K K1accy CRMMeTpHHA D,.
K 2100y 1HIIY CHMMETPHE MOIY T OTHOUHTLCS ML CAOZKHNLIE MONEK Vb,
H OH BCIpEHdeTCHd JOBOJABHO PUIKO, Moxer Ghifb, CAMHCTBCHHBIMY TIPH-
MEepawd, 10 HNVEHULHMK BECEMa BaMHOE JTaUeHne, CayAEIT TpHC-XCTaT-
Hble OKTATPHYECKHE KOMILGIEKCH, B KOTOPLIX A€TATLI Caviil no cele M-
Merpuynt, nanpasep [Coenyl™ | Detacac);. 2TH MOJERYITHE OTHOCATCS
K knacey Dg.

5. Ecau B ponoaresne K Cp 1 nC, UMEETCH POPH3OHTABHAS TIIOC-
KOCTL O, ofpazyerca kKjacc cummerpun D, DTOT THI CUMMeTpHH
JOBOALHO OOKYEH W HMEET MHOTO TpHMepoB: D,,— Bce MIOCKHe GHC-
ACJIATHLIC KOMIWICKCHl € CHMMETPHUHBLIMH  JUIaHAZMH,  HALPEMED
Pd (acac),, [Cucn,i®t # 1. ., ¥ niocKHe AOJEKYAB C MPAHC-KOBQH-
rypanueii, nogobuste PE(NH,),Cl, (ecns npemeGpeusr atomavin HY;
D,5— Bee miockue Momexyast ABg, wanpumep BL;, W TpuronannHbe
OuipaMuaanhbabie Motewyasl, ganpanep PCl;, PF,Clyr D ,—XeF,,
AuCly, PICH™ v MHOKEC1BO JIpyras pasHosuisocredi niocgux ABy;

iy
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D,,~C.H;, RutC,H;), (rentarowaavuan npuama); Dy, — CHg Mox-
1O OTMETHTL, W0 CHMMETPHH D, TaiKe ¢ HeoOXONHMOCTEI0 BEJIOYACT
N BepPTUKAILILIX TIOCKOCTER 0, Koropuie codepacant ocu Cy, S, konn-
Heaplipe £, 4TO ABIALTCH AIPOCTO AE0OXONMMEIM CHEACTBHEM H3 HATAUAH
Cr, nCy u oy .

6." Ecan B gononuenne K C,, nC, umeetcs A BEPTHKARLHBIX HIOC-
KocTefl, KOTopble Waxoaates sexdy ocsam C,, TO {HOJAYUAETCA Kjaace
cammeTpui D, DU BEPTHKANBHBIC HNOCKOCIK HA3eBAKT duadpuyec-
KUMIL RADCKOCIAME N OB0ALAUAIOT O, D, ,-CHMMETPHS TAKKE JIOBOJLIO

Pnc 49 Cxewa, DoRazuIRanimas HEKOTOPLE BANHEHIITHE 378 eilThl CHMMETPHHE
TETPAZIPSE, KOIOPbIH AMEPT CHMMETPHIO Td
[lak e bl BEC OOIT € W Sy H THUL O 1R B UTECTH T ARINECKHY QAGLKOCTCH iy

cOmya. Ee TTINE P D.zd—- d TTICIRL, I€IPa%IPLL, F INTOHESTTIIRIE HTH
BotiAnyThEe BAO 1L och C,, mwanpusep CoCi;~, 0, — s1an, D ,—
M1 (0O, ByyHis, Do—ke(CHg),

7. Bee gHneiiHsie MOJeRyAbl NPHHATICKAT K OALIOE U3 HBYX cIe-
naaapawix rpynn — C_, uan D .. [lecammerpayiie MOJEKYIL, 110-
nofasie CO, HCIl, N,O, OCS, HCN, CICCH u 1. A., npuaaiiexar K
knaccy C_,, B TO BpeMs Kax cHmMeTpHUilbie, fojofapie Cl,, OCO,
HgCl,, XeF,, HC=CH, OCCCO u *. n., RpHHARIEKAT K Kiaccy D _,.

8. B sakmionedHte pacCMOTPHM TPH KJIACCa YDEe3BBYAWHO BBICOKO-
CHMMETPHIHBIX MoJeKy. OHH HMEIOT CHMMETPHIO IPaBHJILHOTO TeT-
pasapa Ty, cummerpiio Oy, noropolt o6nafaer Kak Ky6, Tak H ipaBhIb-
Hetll OKTa3ap, Wau cuvivieTpuio /, koropou o0Ja]alT Kax TpaBUibNbI
(nentaronalsusifi} AOAEKa3AR, TAK H NPaBUIRHBIA HKocA3Ap. XapakTe-
PUCTHMHBIMU 3eMentamy Aad 7T, anadgwoTca naGop wersipex oceldl G,
1pex ocelt Sy ¥ mectu macckocrel a4 Puc. 4.9 namoctpupyer sro. Xa-
PAKTEPHCTHUHBIMY SeMenTaMy cuaveTprp O) #8igioTea Habop ueTh-
pex ocelk Cy, Tpex ocest C,, Tpex muoCKOCTel 0,, K41 H3 KOTOPLIX
comepkuT Jipe oc C,, M IICCHH ITOCKOCTER G4, Kawiaad U3 KOTOPbIX
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COACPIRHT OaHY M3 ocel Uy M JesuT 1onodaM ABa Yria MeXzy ABYMst
ApyTANME ocsui . D1y 37eMCHTH NOKasanst Ba pac, 4.10, Ua xomba-
URUUH ITHX SMEHTOR TORBANIOTCH TAKKE JeMeHTHS,, Sy, Cy 4 i.
CuiciyeT OTMETHThL OfIHO Baknoe pasadune mexay T, n O,, xoropoe
saxmogaercs B Tom, uro O, umeeT nentp camMerpun. Kmace cammer-
pud [ BO3MMKACT B TOM CJYMYae, KOIAa CYIICCTBYET ieCTh ocefi C Ha-
Psliy C APYIUMH 3eMeHTaMH CHMMETPIH, B pacTosiiiee BpeMs oH Npel-
CTABICH CPEIH PEaTbHBIX MOMeKYJ TOAbKO HKOCazapamli, HailledHEIMH

Paco 400, Oxes, TOKAIMBAIIASL [0 OLIIOMY M3 CTHPEX BAKHENTTHX SAeMERTOR
CHMMETPIH B KAACte cnmMerpHE Oy atn KyOa ¥ oxTazipa.

Ans pasuwix Gopy anementaproro Gopa, ws B,Hi, Bi.Cliz v 1. 1.
feM. A1A cxeMul crp. 110, u. 2),

MogexyaapHas CHMMETPHA 37eCh Y167 ONUCHIBATLCA IPH TOMOIIH
obostaucHnil [Henduinca TOABKO TOFYA, KOrAa 5THM OYACT I0CTIHIATHCH
HEKOTOPOE SIBHOE 1IPEHMYLIECTBC B TOYHOCTH WM SICHOCTH. Jrto Oyler
CTIPABEIHBO MOYTH HCKIIOUATCIBEHO B CBS3H C IPHJAOMKEHHEM TEOPHH
KPHCTAANWIECKOre NoAR, Teopnn aoad auragios 1 MO K KoMILIeKcaM
TiepeXOnnHX MeTanmos. TeM ne mcdee GyfeT YACTO YKa3blBATHCA KJACC
CHMMETPHE MOJEKY b, YTOOR H3YYAICILHT MOT HCIIONBAOBATE HX B Ka-
yecTBe O0pazla B YCTAHORJICHUH 000311a4eHUH B COOTBETCTBHH C H3JO0-
HeHBBIMHE RLIUE OCHOBAMIL.

Uame peero HyayT uenoiL3oBAILl HEKOTOPHE TEPMHHE!, OIIHCHBAD-
LI OTIpeIeaerllinie acnCRThL CHMMEeTDEHH. B},‘_’[QT FOBOPHTRCH, 4TO MOJQ-
KY.Ja ¢ ocblo Uy MMeeT TPUFOHAILHYIO CHMMETPHIO. AHasornyno 6yayT
HCNQb30BaHbl TEPMAULL ¢1CTPATOHANLHEINY, «IICHTATOHAILHBLIAY H 4I'eK-
CuroHATLHBIHY IpU Hamuuua ocedt Oy, C;, Cy cooTBercTBEHHO. Bripame-
1@t «TerpasipUICCKuily ¥ «OKTAPHUCCKHIY OOBINHO HCIOABIYIOT XH-
MHKH JIST TOFO, YTOOR YKA3ATH CHMMETPHIO WJIH NDPHOIHIHTEALAYID CHM-
METPHIO CYIICCTBEHHOR CTPYKTYPH CBASel B MOTeKYy/e, Aamke ecad Mo-
JMeKY1d He nMeer JeicTRUTenblion T, uad Oy -cummerpun. Tak,
[Co(NH;),Cl, )+ HasmBaioT cokTasipHueckun» KovmiaekcoMm. TepMuu
UERMPOCUM MO PLANLE GCESALIYIOT, YyroOH 000211a4iTh, UTO HMEETCs
UEHTP HHBCPCHH WA UCHTD CHAMETDHHU.
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ROOP THHANHOUHDIE
COEJHHEH

5.1, Brogane navieswanng

HecMoTpst 112 TO MTO KOOPAMHATHONHBIC COETHIRIHA OCOBEHTIO RAMKHDL B
EHMHH JI@DEXOCAHBIX 3/1@MEHTOR, OHIl MWIPAlOT 3HAYNTERLIIVIO POJb B
XHMHH BCEX S/€VeNTOB, WMEIOLLILN 91eKTPOMONOKATE LHLI AdpakTep,
T. €. JIEMCHIOB, KOTOPEiC 00pPA3YIOT HOHBI HJILi COBIHHEHUS, B KOTOPBIX
OTiH 3J€K1pODHILELL H, CNEI0BATEIbHO, CIIOCOOHDI CBA3LIBATD AOHOpHEIE
MOJIEKYJIbl. B IeACTBHTEIBHOCTH YHCTO (DOPMEALHO BCE MW [OYTH BCe
XHMANECKNE COCIHHCHNA MOKIIO PacCMATPHBaTh KaK KOOPIHHALHMOHTIbIC
Coe\nBeNA.

HUTobbl DPOMLTIOCTPHPOBATE 310, HAJAHM CHAUAa BechbMa obHlee onl-
PENENIRHHE KOMMALKCQ, HAH KOOPIUHANUHONHO0 CUCOUHEHNA: KOMILICKC
06pasyeTCs, eCTn ULUTPATLINLN 410 LiKn Mot M ofbemuidelcs ¢ ol-
HUM WA eCKoabkams anramiaan L w1, 1. ¢ oO0Pa3CRAHHCM YACTYILLL
tina ML L, L;.. Aiom wian won M, aurapps u 00pasyIOULUECA KOM-
IIEKC — BCC MOI'YI HECTH 3AeKTPHUeCKHil 3apsil. ITo onpemedeline
HACTObKO O0IE, UTO METAH MOKHO PACCMATPHBAThL KaK KOOPLHHALHOH-
Boe coeunestue, obpasosandoe us C* 11 4H ™ . Eciecrseinno, He caety-
€T PACCMATPHBATL METAH KK KOOPTHHAUMOHHOC COSAHNEHHE, TOTOMY
NTO MeT NHKUKOH NPAKTHUECKOH MO.IB3BL WM 1COPETHYECKOTO 06OCHO-
BaHHH, 4 100L HCROIHTE W3 l&Ux\!ﬁTrIHH[JOBBHHH HOTTONR, liOI‘UprE CUAIH NO
ce0e HEYCTORYHEL, H H3 PEAKLHH, hOTOPAs B AENCI BUICTBIOCTH He MO-
HKET NPOTEKATL LD OBLIGHBIX XUMUUECKISX §c10BHs X, M3 3Tore npumepa
MOXHO CASJATL HEKOTOPbE NPUKTUYECKHC OFDAHHYEHHS, KOTOPHE He-
06X014MO A0GABHTL B LIPHBEAEHHOE BLILIC ONpefesicHue; 1) e rpaTbHbli
aToM H HOH JC/KHbBL GHITh clOCOGHDL! CYIIECTBOBATH B OGBIUHBLIX XKMH-
UECKHX YCAOBHAX H 2) PEaKUua, 3aKkNOUalciuascs B 0OPA30BARHH KOM-
TIIEKCA H3 UEHTPAMBHOIO aTOMa UJK HOHA B JUTABIO0B, NefCIBHTEILHO
MUMKCT RPOTEKATh B OGBLIMHBIX XMMHYECKHX yelopusx. Ha ocuoBanuu
CKa3aiTHOTO ACKMOunM K3 paccMorpenus CHy, PF;, ClO7 v mmorse
APYTHE MOICKY/IL! HAH MHOIOATOMIIBIE HOII, MCIKIY TOM KaK TAKHe pas-
HoprHoery, Kak AN, CoCli=, T, [Cr(NH,l%, OC1ALYTC B
panKax onpefeseHus,

"

|
3
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OnHaKO OfpejeelHe BCe ¢le He COBERIIEHHOe, XOTH OHO YMEe CTa-
n0 rpomozaria. O6euio S1F)” HasbiBaloT KOMAJEKCOM, H BCe Ke pe-
ELAE|

S~ 4-BF 7 = 2~

rpy6o Hapywaer o6z npUBeISIHBIX BhILE orpaniuenna. Tem He Menee
peakuus

SiF, 4-2F - =S1F2~

HPONCXONHT (aKTiueckn, ¥ nostoMy SiF{™ ykraansiraercs B PaNKH
OMPENENeRANs, eCAN AONYCTHTD jajee, 4T0 KOMINEKC MoxeT GuiTb obpa-
30Bai AYTeM NPHCOCNUNEHHA JIHTAIJO0B K MOAEKYAE, B KOTOPOH NeHT-
PATBIBIT ATOM ufe HC JOCTAr CBOENC MAKCHMANLHORO KOOPAHHALUMOHHOTO
yucsaa. JpyrumMit IPHMePAMH TaKoro poja ABAAIOTCA

BF3 ‘+— F_ = BF:
BF,+ NH, = BF,NH,

Bo Bropoy vpaBHenun 1OTYYAIOMHACT KOMMLIEKC MOMKET ObiTb TaKixe
nasBat adOyKmMOM — TEPMHH, KOTOPEIT COBCEN HENABRO CTaTd NpH\e-
HATh A1A KOMAMEKCOB, 0OPa3OBAHHBIX 1IPH COELHIIEHHE ABYX HEHFPAJIL-
HBIX MOJEKVJI, OAHA H3 KOTOPLIX AcoHOp {(HykK:ieodiia), a Apyras aruer-
Top (adeKTpodua), ¢ oBpa3cBaHHEN HeHTPAAbHOrO KOMIMIEKCA.

[1pHBeASHEbIM KPATKKEM 00CYHKAEHHEM ABTOPBI XOTENH HOKHS&Tb,"—[JTO
TEPMUHbl KOOPOUHAYUORROL COEOUHPHIE W KOMILICKC JOBONILHO THOKH,
npHUeM CoACpAaHHT HX PA3BUBAETCS H HIMEHACTCH C Pa3ZBHIHEM B’CElf
Heoprauu cckoft anuaui, Hrofil pasvuio BePasuTh COACPAHAHNC FTHN
TEePpMHHOB, CAy €T 01"6[_)0(.‘]1111 MO (‘f]JO]}‘\I} .'IH}}OB&’F:I; COBEQHIICHIoE
crpesieneiine il [IEPEHTH K OIHHCAPLH TTOBEJeITHA H CBOHCTE NEKOTOPBIX
COE)‘_'LHHQHHﬁ, THIHYHLIX AT Tex, KOTOPLIC oBLIuNIo PACCRATPHRAIOT haK
KOMILTEKChE.

B pasdofi riage H04LUHACTRO NPHMEPOB 6yel OTHOCHTLCS K HOHAM
NePEXORHEIX METANIOB U3 cooOpaeHHl, KoTopse GYRYT SICHH N0 Mepe
T0r0, Kax Oyjer uarn oficymiexne. TT03TOMY H3yuaioUlMe STY KHHT)
MOTYT OTJ0XNHFb PACCMOTREHHE JJ.EIHHUﬁ IiaBikl, NOKa He AGHRYT B0 XH-
MHH TICPEXOTHEIX 31CMCHTOB. Fl HecyoTps Ha TO YTO KOMAJCKCHl 3HAYH-
TesibHO G016 BaXKitbl 1 MHOTOYHCAEHHE A% AePeXOIHbIX METalloB, He
cAeRyeT 3a6bIBATh, UTO OHU UMEKYT JHGYENNE B XHMHH BCEX 3AeKTpOlO-
JOMHTENBHBIX 3JeMedToB. B casom feie, Hiyvenne GoAbWIHHCTBA XH-
MHZECKHX CBOHCTS TAKKX IEMENTOB, haK KAAMER ¥ PTYTb, B BOIIIBIX
PACTBOPAX OTHOCHTCH K XMMUH KOMIIEKCOB, H JQIKE AAA TAKHX JJEKT-
POMOICKHTEALIBIX SJIEMEHTOB, KAK WIETOUHBIE METALTIH KM JaHTa-
HUJB, ©00pasoBailie KOMILIEKCHBIX COSAMHEeHHH# WA HOHOB  OueHh
BAXKHO.
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D.2. PauHee pazsaTie ROOPIAIHOHRON XIIMILL

B caMbifl panHuil NepUHOL DA3BHTHA XUMWIECKOH HAYKH OBLTH nojy-
YEHLT BOIUECTDd, B OTHOWMICHHH KOTOPHIX KA3480Ch, 410 OHH COCTOST H3
CTEXUONETPHYCCKHE CMece JIBYX WU HoABINErD YHCNI COENUHEHHH,
KAMI0e M3 KOTOPLIX CTMOCODHO K HE3ABHCHMOMY (%InCcTBOBAHMO. He-
KOTOPLIC 13 STHX BEIIeCTR ORLTH TAK 11a3biBaeMbIMG (BOITHLINE COBAMH,
XOPOIWO HM3BCCTHRIME  NPHMCPANH  Kotopux  sismaioTes  AlF, - 3KF,
KCH-MgCl, 6H,0, Fc(CN),-4KCN, ZnCl, -2CsCl, Al, (80,),- K,S0,

2417,0 v mmorke ap yrue. dpyrow o6muit KNace TAKHX BerlecTs BRAWUAT
MOJEKYIAPIbIE COCAHHCHAR WIH COCTIHCHHN MPHCOCAHTIEHHA, B KOTO-
PRIX COObL MOTAAMA COMCTAIACL ¢ OIOA 170 TIeC LOTBLKITMA HeﬁTpaJIb-
HBIVIH MOJICKYJAMHA, & He ¢ pyrod coubio M1y iy cpeTw nanboree paHo
HIYHeHHBIX H Jyyuie BCEro H3BeCIHLIX OKAa3idJdHCE 4u1i, CORepaine
AVMHAK, KOTODBIC CTaJ K HasbBaTh aasmikasmy, [ak, okoto 140 et wazan
Oul.10 nafiaeHo, uto JlolaBrenue Bofnoro pacteopa NH,; X senenomy
pacteopy NiCly pH3aplBaeT HeuyenTelNHGe MIMEHEHHC OKPACKH B (hHoMe-
TOB} IO K UTO H3 YTOI0 PACIBOP MONNHO AOTVYHFD (II0OT¢10BHIE KPUCTE1-
A cocrapa  NICl,-ANH,, Anginorsunemy ofpasom  Cull  pasanra
CuS0,-4NH,. Onnaxo cucundmyeckoe juadeine umenn aMMuiol Col'l,
Pt w Pt B 1o ppewssi Kak aMMUIE OOJILITHHCIBA MOHOB METanJ0B,
nanpumep NI'' p Cul, 6biiv HeMuOrOMKCIeHHEL H OYelh HEYCTORUHBE
K IeiC1BHID KHCA0T # ochopanul, annmnel Colll, PHIY g Pt (4 raxxe
amMeHer Crill Pd!' 4 HeRoTopux IPyIHY MOHOB ME1a/00B) OKasanHCh
MHOMOYRCMECHHBIMHA, (CPERMEIIN LMY HO COC Lagy H 00N EAOULHMA 3HAYH-
TEITHHOH YCTONUMBGCIRIO  TlosroMy secicioBailie, HanpasieHHoe Ha
VCTAHOBIGHHE HPUPOIHT ¢COCHIITE T UPHCOSTHHCNUA», CKOBIEHTPUPO-
Bajnock BOKpy1 coenduennit Col'l, Pi¥Y, P! u g xonuy XIX B.
CTAN0 ZOMHHHPYIOMIMM } AATCKoro xumuka Méprencosa W wsefinapna
Anndpena Bepuepa. DTH vuenble, TaK ke KaK W APy Tae, CUHTE3UDORA-
JH COTHHM KOOPNUHAUMCHNLIX COeJHIEHMHE, TNABHHIM OGPA30M AMMHHOB
wobasabpTa H WAATHIE, H HCOIEIOBAMIE UX apespalieilisa, ClyIecTBOBa-
HHUC H3OMEPOB, cTeneHbL nonuzarwu [la Gase sTux pesyavratcs Bep-
HED CO3/1A AUOPAUAGHUOHRIND eoi0, 30 KOTOPy 1o ToTyvul.l [lofenes-
CKVIO UPERHIC 11O XUuHH. 13 UoCiedy oilidx pasicadx OVvIy L NpUBEgHE
MEKOTOPLIE 3aCJAYKUBAIIIMe BHHMGHKS JanHble H BLIBOAB! Bephepa
H3 HHX.

IKCNEPUMEHTAILHbIE AATHHIC TOKA3bBAKOT, YTO MOXHO H30JUPO-
BATE NHTH TUNOB aMMATIOB PHY: #X 3,eKTPONpOBOIHOCTS HMEET ImpHBe-
Jeunsle B TaGa. 5 1 suauckusa. ITH 3HAYCHHA SJEKTPOUPOBOLHOCTH 1P
CPaBHCHHH HX C 3HaUCHUAMI A8 O0Jee NPOCTHIX 3JeKTPOJHTOR yKasbl-
Bako1 UUL/IC HOHOB, 00PaIVIRIUXCS TPH 3ACKTPOINTHYECKOH Anccoiaa-
k. Jas yio€ciga B Tabnwuue NPHBENEHBI STH 4HCTA.

Kpowe Toro, u3pecTHO, 4To npH AcoGapieHud Ag*-HOHOB K pacTBo-
PaM COCAMIEHHE, yKAa3aHHLIX B Ta0aHle, HUKAKOTO 0f[a30Baulnd ocal-

e amatrrum— s
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Tatauya 5.1

[TewoTopre AMMHID Pt own uonnsaus

e wr
Yy, en—! HHe i nundas Honon Gl=
1y MCl;-6NH, 523 5 4
2y P1Cly BNH, 404 4 3
3 PiCl, 4NH, 299 3 2
4y PtCl, aNH, 97 D) 1
5) PICl, 2NIT; f 0 0

Kd € COCHHHeHHeM 5 e MPOHCXOJAHT, & RCeY OCTAMbHBLY HEMELNedHo
OCAMCAAIOTCS XAOPUT-MOTEL, UHCIO KOLOPBIX 118 MOTEKYNY dMMHHA PH-
seneno B nocIetneil Lodoiire TadHusl J10 03HaYaeT, 170 B COCUHHC-
HHH | Dech XJ0P HAXOJIKICH B PACTBOpe I BHAC XJIOD-HOHOB, KOTOPBIH
nene TeHHO ocaxlaeTca B Biae AgCl, B To Bpems Kak B COCTIMHEHISX
9. 3 w4 B pacTeope OPUCY TCTBYICT COOTBCICTBEHHO TOILKO 3,21 ] utom
saopa B e Cl™-HOHOB. o
Beprep npemoKua chiclyioliee OOBACIEHUE 3ITUN parrar.. On

MpeALoAoKAN, uro L PHY B gonoiaxexuse K SJ€KTPOBANCHTHOCTH t{* )
onpeseaAOmel 0fLee UUETO OTPULATEIBIBIY 34PHJIOB, KOTOPLe MOl y1
GbITh TIPRHSATE! OT HMEIOULHACS AHKONOB, CYIECTBYCT 1aKXKe jipyran xa-
pakTepucTHKa uoHa P!V, Haspisaewas ero KOOPIUHAYRILOHKEIM t{uCﬂom
1 ONPEAeAAIONEAs OGHULEe GACTO HONOB MK MOJIEKY T, KOTOPIC NOry T OBATL
HeMOCE,IC L BCHTIO ACCOLHKPIORATINT KATHONON. C.iefy T NPeINnoT0Kulb,
uro w5 PUY 510 wooplLithan poiioe 9iic 1o paeiio 6. Hosrovy nats coe-
JAHCHME, A Kddlips B 1201 Dl aduano Upeneiannib CAe1y OUHM
obpdso )

[Pt ENH, )] Cly = | PEINHA 1 | -

[P1INTINCl| Cly =[PE{NTI)CIP - +3C1-

[Pt (NHg)4Cl] Cly =[Pt (NHg),Clo)2 + - 201 =

[Pt {NHy),Cl,] Gl =P (NH,),Cly)+ +Cl-

[Pt (NHg),Cly] He Auccomnupyet

Koopdutu pogarssie TPYNNL 3aNUHCaHEl B KBAIPATHLIX ckoBrax. Of{a-
spIBaeTCH, 3TOT npocToi noctyaar (gro PUY Beeria et IMECTb rpymi
B KkoopAUHayLORHod chepe) Xopowo OObACHAET 8IEKTPONPOBOAHOCTE H
UHeNO KAOPHA-ROHOB BO BCCK COSLMNenUsX, JTH onpefenenus Gy cle-
JaHpt B APSIION0KEHHH, UTO MOTYT CYIMECTBOBATL H ABA JAOROJHUTEA b=
HEIX ujeHa pajaa — auuoHn [Pt (NHg)CEE,‘] u [PiCls1* — u, gmeticr-
BITENDLIIO, TECpDh UM YHe H3pecTusl. Ilakieno (Ha ocHOBAHHH H3ME-
peluil IeKTPONPOBOALOCTH), UTO COOTBETCIBYIOUIME KAIHEBLIE CO.1H
spnmiotest 313- m 2 1-anextpoautamu. Ha QUHOBAHAM AlANOrutHRX
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AHHBIX Ohy : ULy ¢ . g '
A iAo nokasano, ure Collt u Cr''l rakke ofaanaor Koopmuua- ;

WHOHHEIM qHCaoM 6, a P g Pd!! nyeior koopauHausonkoe uncao 4
. Hocne 1010 KaK GBIIH YCTAHORJIEHL KOOPIHHALHOHHBIC YMCIA ec-
TECTBEHHO BOBHHK BORPOC, KOTOPKIH KaCa.1cH [COMETPHECCKOro upa‘cno-
JOMEHHS1 KOOP/IHHALHOHHBIA TPYIN BOKpYr aroma. Beprep, nexoas us
YHCNA H3OMEPOB H ONTHYECKOH AKTHBHOCTH, CYAK. noc'm JHPOBATH ‘
TPaBRUABHOE PACROOKeHHe, ocoleilno aaa coenuneiuit Co'll. Tak :
CYWECTBYIOT ABa H3BecTHbIX Hsomepa |Co (NIH,),C1,ICH oaun 3 KOTO-
pf»IX ?.T:e;n?o-ﬂmoaoro WBEia, APYIoll 3eCHbIL. CYILLEC’I‘,B\'OT TAKMKE J\BA '
Hsfecr:{mx H30MEpa AHAJOTHYHOIO KOMNTeKca, B KOTOPHIX NBe MOJe-

KYJIblL STHIIEHIHAMH T FI,NCH ,CH,NTI, {en} samewaor deThipe Mote-

Kyasl NHg, 1. e. [Co{en),ClLICI, u o1mm w3 nux aomiio pav[erml'rbtﬁa

ONITHYECKHE H3OMCPHI. ITH M MIIOFHC 2D\ 1 UC Dd kT HOZBO.1H 1 éepnep\r

Ir:ge:lmonmxwrh, UTO TEOMRTPHYCCKOE PACiONOMeNHe KOOPAHHIIPORAN-
IX TRYIN HPH KCOPAUHEUHORKOM uucae § npetctasiser cofoli onTta-

sap. Mexomst w3 srore, maovepst 1Co(en),ClICI
o p {en},CLICI MOxHO npercTABHTEL

N\cr + N |F N +
/ — ATT—=N C it
(L X<7)| e S e | ) e
= C—_ir—/N 01/._/.}5_\_;\;

mpaic-Hiovep

{ciivmerpa Deg } Ontweckue maoMops gee-crpy keypu

et )
St

AHanorunyno ma oc

J 10 . \

RANOTHIIO 2 | BaHH 1070, 410 [Pt{NH)},Cl,] cymecrayer B
;'ob MEPHBIX (opmax, Bepuep npeanonomsun, wuio yeThipex-  °
coopannaumonuan  chepa Pl pommua 6urn kpaapatos. [lpa vro-

VISIHY THIX H30MEPa [103TCMY MOXKIIO OILUCE
5 302 IUCATEL Kak nyuce- (5. 11a)- -
(9.116)-n3omepsi puer O L) w mpane

Cl——NH o
/ / 3 J NII3
o
Cl=————NH; H3N._..\_c|/
4 (Cop)
51 -t

Hbmﬂ(;:n:g;e TOFQ KaX GLIM APHHsTH B3IAAAL Bepiepa na koopaasauyon-

718 H TeOMETPUUECKOE PACTONOKEHHE B KOOPIHHAUHOHHON Cde-
Pe, OCTA/I0CH elile PeUTHTh BOHPOC O NPHPUAE CBA3CH, KOTOPHIE YACDPKH-
BAIOT JINTAKJBL ¥ HONOB META/M108. Ho 3T0T Bol[oc name U B HacTosMILce
BPEMs NEJIL35 PENTL ONpETeenIibiM o6pason. Beplep npocto npunu-

Ca/1 €TO «B1OPHUHLIM BANEHTHOCTAM» MeTalda. C nostsaenuen BJ!CKTPOH-
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HRx Teopuit Jisonca, JTaHrMiopa i CRIKBHKE, NPUIAIOUAX BAKHOE 3HA-
ueHHe 3JEKTPOINIEIM MAPAM B CBAILIBAIHH BTOMOB MEHIY codolt, pas-
BHIOCH TPENCTIRTEHHE, uyTO NHCAaHUEWH ABAAIOTCH ofHA3aTENRAO HOHBI
WA MOJEKV/b, KOTODhE COAEPIKAT HENOALMEHIYIO Napy 8/€KTPOHOB,

kaK, nanpmvep, 8 1:CE]7 wam N, koropas Moxer BLITH HCTIONB30-

BaHA 375 00PA30BAHKA L41HBHEIX (IOHOPHBIX) CBA3CH, HA3BIBACMBIX TAK-
HCE KOODAMHALKOHHBIMA CBA3AMH C HOHAMW METaNTOoB.

Tenepb paccMOTPHM NOAPOGHCE PAJHEIC ACTEKTH MOBEACIHA KOOp-
AANAIMOHILIX COBAHICHIIT, KOTOPLIE HMEIOT OTHOUIEINe K 3TOMY Kpat-
KOMY BBCHEINIO, HO ¢ COBEPIIEHHO COBPENMEHBON TOUKH 3PEHUT.

5.3. KoopunaigoHHLe Unea i CHMMeTpist

Kax yxe GbLio OTVCUeno B OOULIX YePTaX B NPEALIAYILEM PA3Aene,
NPEANOAOKEHNE O TOM, H10 ONPEeNeHHbIE HOHbl METALIOB HMEOT 2a-
paKTepHble A1 NHX KOOPAHHAUHOHHLE uiena M UX KOOpJAHHAUHOKHKE
MHOIOFPAHHHKHM 06AalAloT Of PEAE.IEHI0N dopMOH HNHM CHMMETDHeH,
GBIIC BHICKA3AlO BepuepoM K TeMH N3 €ro COBPEMEHHHMKOB, KOFOpbIe
cNe10BaE €00 TEOPHH. ITa THIOTE3A NOCAYIKUIA YPEIBLIYAHHO NTO20T-
BopHoA Ga30ft A HATEPRPET ALK JTAUUTETHIIOI0 YHLNA (akToB, HERO-
HETHIX © Kakol-IH00 1pyroll Toukk 3penus. Kak GyfeT sulio U3 Jajl-
Helnero, NPelnodoKeHHe 0 TOM, UTC KOOPAHIAIHOHHbE chepii Critt,
Coll! u P{!' nocrofiito OKTas)pHuecKHe, a KOOPAKHAIMOHHbIE Cepbi
Pt g PAIl [ociosHIO  KREAPATHBIE, NOATBEPHCAAETCH MHOKECTBOM
SRCIEPUMEHTA LB EHHBIX. B srom pazaence Oyher paccuolpento
NOHsITHE KOODIHNALHOHBLIX UHCED H (OPME!L KOOPAHHALHOIFILIY cipep
Goaee OBIEHAL H O TIR CT0C0D0A T Dyt o0y ICHN hOOD, iHITALHOH-
HbLIE UHRCHA OF 2 20 8, NPT LIH R 01 TeoveTP e ROTL CITPY REY DHI
H3BeCTHLIC I OHUCAHHLIE B JTHiepdType ¢TI Qe TakAe, UTD
eHle Hoa¢e BBICUKHE KOO[),ILHH'&IIHOH:—IT;IE U BCLpedaionics peiko, 13 sa-
KIOUeHHe CKAaXKeM, UTO B HACTOSILEE BPEMsl HME[(CA OrpOMHOC HHCI0
TIPSMBIX HOKA3ATENHCTE, HOMYSENHBIX PH NOMGILK H3YUeHHS audpak-
UMK DOHTFEHOBCKMX NMYUCH, ¥ KOCBEHHbIX IOKA3ATEMNLCTB, OCHOBAHHLIX
lid M3VHellHH JABMOMLABIX MOMEHTOB, MAallUTHBIX CBONCTE U JIEKTPOH-
HHIX CHCKTPOB, B OTHOMEHIH KOOPXMHANKOHHBIX WHCENH H TEOMETpPH-
YECKOI'G PACLOAOKENHs JRTAHOB, TAK UTO 3TH HJIEH YHE HE THIOTESB,
4 XOpOWO YCTAHOBJEIHbE (QARTH.

BaHO TAKIKE MOHATH, UTO AAHTHIA WOH METaida He o0#3aTeibHo
NPOABNACT eOUHCIBEHAOE XAPAKTEPHOR KOOPINHALNORHOE YHCIO U 06~
pasyeT KOOPAHHALHOHHYIO chepy om0l reoverputeckoit gopubt. ast
HEKOTOPEIX MeTasioB, Hampumep aas Colll, lie cyulecTsyerT Karoro-
NHGO KOMIJIEKEa, B ROTOPOM KOOPAMHALHOUAs chepa umeaa Obt reoyet-
DHIO, OTJIHYHY O OT OKTa3jpa. ECTeCTBCHHO, YTO HOH Coltl MoXHO DPH-
HY/IHTEbHO BECCTH B HHOE OKpPYKeHHe, HANpHMEp B TETPASHPIHNECKOe
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OKPYIKEHHE B ONpeleseHHLIX TBCPABIX CORTHHEHARX C PACTARYTON JKOCT-
KOl CTPYKTYPOH, HO BPST AH KTO CTAHeT OCAPHBALD, UTO WECTh OKFA-
IAPHUUCCKH PACNOJOMEHHBLX ATOMOB-TTHT Al 108 06[333}']0? XAPORIIEPHIO
KOOpIHHauKoHHY0 olotoury Col'l. Ogunako, ecam obpatuTeea x
Ni't, mMoxno naGrionath LpPOTHBOMOJOMKHYVIO CHTYALUI. (CVIIECTBYeT
MHOI'C TBEP,10 VCTAHOBACHHEIX KOMINIEKCOB Ni1!T B KAHA0M U3 cfle,u}, O X
KIACCOB! OKTAYIPUUECKHE IIIECTHKOOPAUHAIHGHEBIE; TIOCKUE HeThIpeX-
KOODAHNALMOHTEIE W TeTPasjipudeckde HCTHIPEXKOOPIMHALHAOHHLIE,
Lluux(Ill) n xobaau1(ll} Takae MOLYT HDUHSITE BCE TPK THNa 5THX
KOOPJHHAIHONHLIX 0GOMOUCK, W MHOIHe APYTHE HOHB! MPUHHMAICY MO
MeHBbIISH M@{J(E JBC Na3Hkele RKOODIHHANHONHLe OBCAOUKH B 3aBHCHNOC-
TH OT YCJIOBHM, THIA JUraHaos B T. 1 Tak, Al** uveer 1e1pasapuyec-
Kyl koopaunanuo B AlCl,, HO oxTasnpuueckyio 5 Alk ",
Koopaunanuonnoe uncno 2. Koopjauranuoniioe uucdo 2 ne ocoleH-
HO 06b14H0. (JHO BCTpeyaeTesl B HEKOTOPEIX Kommiexcax Ag!, Aul, Cu!
Flg!'. Takue KOMAIEKCHI HMEKOT JHHEHHOEe DACIONoMKelne l{’OHa rCre*raﬂ:
J1a ¥ JIBYX ATOMOB-JIHIaHJOB, THIUYNBIMK B3 HEX abaawTes [CICuCl ™
{H,NAgNH, 1+, [CIAuCI]™ 1 INCHgCN]. Kpone 1010, MOKHO CKA3aTh,
UTO ATOMBL MCTY/LIA B JHHEHHBIX KATHONAX, TAKUX, KaK IU0‘|3+,
[UO, |+, IMoO, 12+ u [PuO,]*, Taike WMeIOT KOOPAMIALHOHHOE z.ch:
A0 2, HO 3TH OKCO-KATHOHE! AOBGJBHG CHIBHO B3aHMOAEHCTBYIOT ¢ J10-
MOJUATENLHLIME JIHI AHTAME, W HX HCTHHHBIE KCOPIHHALHOBNLIE YHCIA
3HAYHTCAEHO Bblle. Tew He meHce copaseliHBO, YIO OHM HMEKT OCO-
GCHHO CH.IbHOS CPOICTRO K IBYVRE a10VAM KHUCA0po14.
Koopaunanionnoe ykcno 3. Kpove nefoinloro 9uc.a coeiHHeBUR
JIEFEHE 2JeMeITOoR, KLIHOHHBIA XApAKICp UCHTNAILHOIO 4TOM: B KOTO-
puix cnab (Hampumep, Yy TaJolCHUIOB 60pa), 3TC KOOpPIHHAIHOHHOE
yuewro pabmonaeTeda oueHb peaxo. Taxk, GONbIUMHCIBO TaJdoreHHOB
IPEXBANCHTHBEIX METALIOB KPUCTAIM3YIOTCH B KPHCTANIHUCCKHX pe-
WIETKAX, COAEPKAllHX HOHBl MeTANJOB B OKTAAPHUECKHX MVCTOTAX
xota FeCly, kotopoe OTIOCHTENBHO NOTyHe ISl TAMOreNHA0B ﬁepexo;li
HHX MCLAAIOB, HCHAPAeTes ¢ obpasoBanned moackya [e,Cly (vamkaas
cocTour H3 Tetpasipos FeCl,, coetmHeHdnx no peGpy) u AuCl—
AHMER, COCTOALMA M3 By & TLTIOCKHX CAHMHHL AUCh, léll;}lﬂ:‘ COE,E[HIIIEII'
HEIX NG pebpy. Muorue xomiekes Tuna MMUX,, ranpunmep CsCuCl
COfiep:Kar He oTlenmeiitie amuonst MU'XJ, no Geckoueustnie 11&:11;{i
{MX,) —X — (MX,) — X —, B KoTopbIx Kawmamil woH M!I oxpyen
UeTLIPLMA aTOMAMK X, ’
_ Ipyrue  crexnoverpuuccxkne LMX,,  momofuee  (C,H;),PPiCI
(5 111}, #BASIOTCS JMMCPaMH C MOCTHKOBbIMH aToMami X *
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EcTecTBeHHO, UTC KOMILTEKCHE B PACTBOPUX, KOTOPLIE MOMKHO VIS NPOCTO-
THI 3ampcaTs B nuae MLy, vike onpedelcHHo Hoaet KOCPAHHHPOBAUB,
panpunep MI(1L,0),L, win MJLO)L,

B0 110CTy HHIPOBAHO, YTO B HEKOTOPHIA KOOPIAHALHOUHBLX COELH-
HCHHAX, OOPAROBAHHEIX TPUAEHTATHBIMH JUFAIIAMK ¢ OCOOLIMH HPOCT-
DAHCTBEHIIBNG BATPYAHEHUSMI, CYLIECIBYET TDC X KOOPEHHHPOBAHHLIA
MOH MCTQIa, HO PeHITeHorpaduyeckoe M3ydellie [0Ka3ano, 4To uHH
nonsmeptn [11.

HocToBepribiM  PHMEPOM TPOUHON KOOpRHHAUMK ARJACICA  HOH
Hgl;, xoropuli of0HAapyXxeH B | (CH,),Stt [Hgll™ n npeacragnser
coBoil TpuBAUINTEILHO PABHOCTOPOHHHH TPEYFOJLHMK € ATOMAaMH I
B yraax 0 atomoM Hg B nenrpe 121

KoopavHauuonuoe uucao 4; TerpasipHieckan konurypauna. Oir-
pefeleltHO YCTAHOBRNO, W10 CYIUIEC IBYeT MHOIO KOMILIEKCOR 3roil reo-
JETpHYECKOH (JOPMBL, XOTS OHA HE CTONL OObINHA, KaK OKTASApUtCCKadt,
S KOMTICKCOB, 00pa3zoBaHHbly HEPeXOfBEIME TeMeHIakH. Ouna jo-
BONBIG 44CTO HahTIONASTCS IS KOMIITEKCOB HElEPEeXOHLIX HOHUB,
C1aGHIBHOCT KOLOPLIX MOMHO 00bLHCHH1L YaCTHUHO KOBATCHTHOCIBH)
cBA3EH, 10CTMraeyol UCTOIL30BaAlIHeM THOPUTHEIN sp*-opbulagel ve-
TANAA, W NACIHUIIO ECM, UTO 1€TPAIAPITUEChds KOUGHIY pallia K3 c0ob-
paskeHHH 7eKTPOCTATHRY lautonee (1dOHTbHA NPH YCTBIPEXKOOPJIHIIN-
posanuu. [To3TOMY CYLICCTBYIOT TahHEe J@TPAIIPHUECKUC KOMILICKCLT,
xak BeF#, BF7, BCI7, BBry, ZnCi™, ZnB1{™, Zn (N, CAd{CN);~
# Fg (CN¥¥", 18K e KaK ¥ MIOTHe aARyKIBl COCTaBa BX,L B xoum-
LTekenl Be u B ¢ SuienTaTHbMg aurapaamu (cM. crp. 68 79, u. 2).

Cpeis HOHOB NEPEXOIHRIX MeTaTmos (T. @ CPeTlM HOHOB ¢ d-BaKa”r-
1BIMIE 06O IOYRANII) TETPAs[PHUCCKHE KOMIIEKCh OOBIMHO yeToiiuBL!
UL MPH OTPeICASTHIEY VCTOBHAX  3aMETHIMU HCIGTIOUCHASMI U3
stoto suasiores wonnl eCly, Collm, CoBrim, Calym, Co(NCS)™ n
HeGOADbIIoe wue.10 ApPYIRX pasHoBuaxocTein CoXiT u [CoX, (11,04~
Bee 3Th KOMILIekCH 0OPasvIOTCs B BOAHBIX PACIBOPAX, HCCMOTPS Ha TO
YTO MONEKYJI BOABl TAKOE® MHOMCCTBO, KOTOPOE MO0 bl CHOCOBeTBO-
BaTb HOBHILIEHHAIO KOOP/IMHAUHONTIOrO uHeaa 10 6. Gakrophl, Onpeieisio-
l(He VCTORUUBOCTE TOTPRSAPHUECKCH KOH(MIypalun #o CPaBHEHHIO ¢

ILIOCKOf 1T OKTA3IPHUCCKOM, KuTOpas MOTia Obl GbiTb noJsyucHa Mpu-
COETHNEIHEN ABYA MOJIEKYJ PacTBOPHIC/SA, HC BIOJIE [OHATHLL
Momno noxa’ato, yTO JIPYrHe HOHBI MCPEXOAHBIX METATI0B obpa-
3YIOT [CTPa3IPUYECKHC KOMMICKCH MU 0cOBLIX VCIOBHAX, HARPUMED
B KpHCTaMMyecKoll (opyme, rie TeTpa3(PHUECKAC AlHOHbI o0 beIHIAIOT-
csl ¢ GOMBIIMMH KATHONAMY, WIH B PACTBOPAX ¢ HA3KO! KOODAMHUPYIO-
med curoit Tax, MOXKHO NOJAYIUTh TeTPas1pHUeCcKHe KOMIIEKCH aHHo-
pos [VX,]7, IMnX, 2™, INiX,PF7 n [CuX,>” (rre X=Cl, Br miu
) ¢ takuwu xatmomamu, Kak HCpHuw, JaNI*, [(CeHg)Asl,
[(CeH,), (CHAPI+ v 7. . Hu oftud M3 HUX Jie CyIECTBYET B PACTROPH-
TeNinX, CKICHHLIX K KOODAMBAIKH, TAKUX, KAK BOJIA WM CHHPTLI, HO
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MHOPHE COXPaHAIOT CBOI0 CTPYKTYPY B DacTBOPHTEINX, NOJOOHBIX HHT-
pOﬁ%HSOJIy, AUETOHY WIH XJOPHCTOMY METHJEHY.

OJLIHHCTBO W3BCCTHBIXN TETPAIRPHUECKHX KOI
apsounpiME MU X127 uan IMP’LXL]_ (rne Eoinﬁzg'f‘giniiiﬂ:o?{?
raia) i sHedrpadsHeiME IML,X,b Cpenn nocaetnnx C\’lllECI'By;{JT
HafmpHuMep, Helrpaibible Komniexcet Mnll, Coll u Ni', & KOTOpr‘E
L — oxnucek docdrna wan oxuck apeuna. CyleCTBYET 0ueHs H@ﬁO..’IinIOé
HHCAO H3BECIHBIX RATHOHITHIX TETPASAPHICCKHX KOMIIEKCOB, MOROGHHX
IML, 12" una [MLyXI+, 713K e KakK W ouedb HeboTbioe HHCaO HEI;T:-
pafbHbIX KoMmaekco (uanpusep, asa Co'! cw. past. 29 E.3). Han
HEKOTOPBIX KaTHoHoB, Takuy. Kak Cr''l'n Co'™, nuxorga we 66110 06-
HAPRYRCAO TCTPAIPHUCCKON KOODAIMITATUI B ITPOCTRIX KOMIL ICKeax.

Koopaunanronnoe uncao 4. Ilnockan koopauhaums. J1a ¢opma
KOOPMHHALHE OCODRHEO XapaKTepHa LA HCKOTGDBIX wJIEMMITOBR H He-
ofiiuna pnA apyrux  Ee yacro ofnapyxkusaior jas Rh', [, Pt!
Pdi' u Au'™ a pas Ni'"u Cu’ ona manGonee ofbiimna B;])I{IIZJ,. jl;[s;
GOABIIMACTBA ADVIKX HOHOB T4Kas KOOPHHAUMA BCTPCYEeTea PelKo
HIH He HaGJIof .eTcl HHKOTAA.

O6uiupreie HccaeRoBaHHA, HauaBukecs B Kouue XIX B., 1o uay-
uendio kommuexcos Pt i B MeHbmiea ofsese Pd!l, npusemt norli{-
YEHHIO OTPOMHOFO MHCAA KOMILIEKCOB, HAIOCIPUPYIOLIUX, MO C\'luécr-
BY, BCE BO3MOMKHBIE THIbI U HX H30Mepn!. ITocaenuue 6y AYT PACCMOTpe-
Het Ha ¢Tp. 170 Uro xacaeTcd 3apsii1oB, TO M3BECTHE! BCE [IATH THOOB
KOHOPLIC WOXKIIQ 3a1HCATbL CICTY IOLEHAT 0671230k ’

2L xaTtueu [PL{NH )+
1 RatuoH [Pt{NH 3 Cijt
Heurpanvusit [Pt {NH ;) Cl]
} — anuou [Pt (py)Cli]~
2—anuoH [PECI, 2

HMaBecTHR Takxe KaTHOHHNLE, GHHOHHEIC H HEWTPAJLHbIE XeTaTHEIE KOM-
mnekenl Kaw Ans Ni'lotak u 1ax Cu'l, xots w He Becex mutu \’HO\IHHA’-
THIX BBILHG THIOB. . ‘ ’

KoopauHauHoHHOE 4HCAO 5. XOTA W MHOIO UAlle, Ye\l KOOPAHHE-
HHCOHHOE YHCTIO 3, ITOT THIH KOOPIAHHAUKH BCIPedaeTCAd OTHOCHTEILHO
PeIKo, H B pasHblx MPMMEPax (KOIZa W3 COOGpameHHil CTEXHOMETpHH
MOXKHO TIPERIONOMHUTE €r0 HAJNHYHE) HCTHHHOE KOOPAHHAUKOHHOC UHC-
JIO OKA3HIBAETCH UHBIA, HPHUEM OHO ORIBAET JTHGO Goablie, JHUGO Mellh-
me. Tax, B xpucrananueckou peutetke Cs,CoCly umerored rterpasapu-
yeckue noubt CoCli™ u oraennuuie Hounl C™, B To BpeMs Kax KpHeTan-
muueckne coequnenus NhClg, NbBr,, TaCl, u MoCly — Bee co,:(epmé'r
ApMepuble Momekydn M,X ., cocrosuHe H3 IBYX  OKId3j(PHUECKHX
rpynin MX,, coenuneHdnx 110 pelpy. ’

WsBecThbl 1BC COBCPLICHHO NpPaBRIbHBE ($OPMBI KOOPAHHAUUH Ds-
1010 nopsiika. B ogHoi us nKx (5.1V) murapjsl 1axoates B BepIuMian

6

KOOPTIHADHONIHABE CHETITHEHAA {57

Tpuronaapholl Gunapavunsl (TBI1), B Apyroi (5 V) ovH Jiexar B Bep-
muHax KsaipaThoit nupamuisl (KIT).
X X

51 5V
Oxnako BO MHOTHX pPeaJblBX CIyyasy Pacioloxenne JUranjoB HE
TOUHO COBMANAET € OJHHM H3 5THX BapnantoB Tax, B Zn (acac),-H,0
PACNONOKEHHE JIHTAIION ABINACTCS TPOMEMYIOUHBIM, XOTH B HeKOTO-
poit crenenn oo Smuke k KIT, wen k TBI |3} Npyroft paxkuon ocoben-
HOCTIH0 UATHKOOD/HHALMOUHLIX CHCTEM SIBASICTCA ONIHOLUINEALHAR Aee:
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Prc 51 BLHAIMK Ne[exo,l TPUlolddbHON fHmmpdmpeel 1 BID » KRARPATHOH
pet 16 {KT1} TPeTcsdl Mo rdg, NTOft HOKT « Th Kk JOM T WCTAThCR ARCTHNE
ARCHA [LHI € L) 1 shTe saps bTbTibe () Treiomke s
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ARLIHY  Le~d DUSSTHTE e mroor i pat stk THID Turva Lo r
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KOCMB, € KOROPOU MOSYAL OCHUHCCHIRLTIB Y B3ULHHbIE nepexodw Thii u
K11. Kak noxasano na puc. b 1, 1pebycica nebonbwan fedopuauis
yI7IOB cBazed (31O Bee, 4TO HeOGXONMMO Las [TePes0aa), H MOKHO OXU-
Harl, 910 Tanue NPOLCCCH HMEIOT OTHOCHTEVIBHO JH3KYIO SHEPIHIO
[TosTOMY, HAampmyep, Jdake CCJAH KOHGHTY paius TBI1 3HaYHTENBHO
60.10e JL10HIMBA [List TAHHOTO COBJITHEHNH, KOHOUIYDAUUA KI1 ne mo-
JReT GuITh SHAUHTEILNO uchee yeiopuwsod M3 370r0 BHITEKACT BAMK-
HOe CTeACTBHE, YTO OIHA H4 HRX MOAET ODCCHeulTh NyTh, N0 XQTOPOMY
HBA THAA JUTAHNOB B OTHOR (Godee \CTORUKBONK) KOH(HTYPAUUKE MOTYT
obMenaTbes Mec1amu (48,61 Taw (e puc 5.1), Moxer abmofarhes
repenoasairey aKchHanbHoro ()} K 3KBATOPHAJBHOFO {E)} nurannos
B TBI1 M3yuenue snepiioro peaoHanca noKasa.qo, y10 TaKoe nepenelte-
Hyte TeiteTruTeNbHO ocyinectsasetcs 8 [e (CO)q (51 u 8 Py 1 X MHOTO-
wicNeHHHE mpon3sousbix  [40).  Anagorudmiie HeoBEIUNBIC BBACHUR,
BKAIOUASl BIAKMHBIE NEPeX0dbl PasAuuALIX KOOPAUHAUMOHUBX MHOIO-
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TPAHIHKOR, TAKKE MOTYT CyIUCCTBORATE H BLIZLIBAIB MHlepec B cayyae
JAPYTHX KOOPJAHHAUHOHHbIX uucel |Bal. O1nako onu 10 cUX Lop MeHee
u3yueHsl, uyem B cayuae TBIT — KIl-nepexona.

Huske 6y1er DpuBCIEIO €IC HECKONbLKC HPHMEPOB MATHKOODAHHA-
LHMOIHBIX KOMTJACKCOB. YIOMANYTHIE Patee JUMepHble MNeHTarafiore-
AL HCHAPHIOTCST B HCHIAKCODIHHALHOHHLIC MOHOMEDH, KOTOPHIE,
HO-BUIHMOMY, HMEIOT C1PYK1ypy TPHIOHanbHOH Ounupasugul. Kap-
tonua xenesa Fe (CO), u usosmekrposnbie 10K, mogobueie Mn (CO);
g [CoiC=NRI |, 1akme dMeOT KOOPAMNAIKG TPUIOHANLEOA OMita-
pavuinsl 16], 1 1akof ke Kompurypatigel o61a1anT 3aMEUCHIBIE Kap-
fonmanl wenaesa, 1axkine, kag R,PTFeiCOl, n (R;P),IFe (CO),. 3atem
H3BECTeH DS HH IMKOOPIHHALHOMHELX HponsBoiHbx Nt, Co, Pd # ne-
ROTOPHIX Py1NA METANNOB B Npagoit JacTi 5A0Ka Tepexoinby MeTal-
JIOB HED[’]OJH‘{CCI(O}:’I CHCTEMbI, KOMILISKCh] KUI‘OPI)IX, KaX nonarawr,
UMEIT KoHGUTYPAKIO KBaIPATHOW HHPAMHAL, XOTA A0 CHX Nop
IO 3TONMY TNOBOLY ObLTH  HPEIJOMEnsl  JHNb  MaJoyOeIHTedbHbIE
JA0KA34TeqILCTBA B Kaucr1BE NPUMEpOB TAKHX  COeIHMHEHHR MOryT
cityuth  NiBig | (CoH WP, Col,-triars w Nily-{riars  [riars —
ipuIenTaTabn  aurana  teia R,ASCH.)L,AS(RNCH,),AsR,] u [Pd
tdiars},CHICIO,. 1lexanno pernrTrenorpaduueckuM H3YYCHHeM  OLLIO
NOKA34ano, YTo KOHGHTY PAuyst KBAUPATHON THPAMBILI OCYLIEC IBIRETCS
B MONOIUApATE Oue(CaInnmiadpierdIsiurestinputunaka (5.VI} ¢
g xoMunexce Nitl ¢ tpuapensom (3.VI]), ykasanHbIM BeIlie, I KO-
toporo R=CH,. Qg Gpomut Hon UAx0INTeR 2aMeTHo (~207%) Bae
TJOCKCCTH OCHOBZNHH, BENOATHO BCJLICTBHE NPOCTPAHCIBEHHOIO AaB-
JCHIHA ﬂB}X METH '|bHEIY l[‘l}l'lf{
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[TonyYeHbl ISTHKOOPAMHANHCHIILIC KonnaeKkes [Tal ¢ onpefenetnsinm
NOAHNEHTATILINE aPCHHAMH, YTO, BEPOSITHO, CBSZAHO ¢ OCOOCHNOCTSMH
OPOCTPARCTBCHHOTO CLPORHUR UX Kaxk Juranponr. Mseecten nenutél pag
KOMIJIEKCOB IPYTUX NEPeXOIHbIX MeTaNI0B, sl KOTOPbiX YCTaHOBJje-
HO WIH 1ONYCTUMO HAaJHuHe NATHXOOPAMHAHMM, TAK e KaK B onpele-
JMeHHBEIX coefirHenaaX AsU g SHIT (em, erp. 348, u 2), x0T B nocAelHax
IHECTOR  KOUDIRTIANROANOE NOJCGKEHNE «3aHATO® NeCBASHIBAIDLIHMH
HAERTPOHAMA (Cy. [N 15); 2TH npHyveps NPHBENEHBl B CTEPECXBMUYE-
CKUX CXeMaX 110 BCEM) [eKCTY.
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Koopnunapouioe yncao 6. THI KCOPAAIAIMH ¢ KOCPI{AHANROHHbIM
YHCAOM LIecTh Hambonee OOBLIYHBIE W BCTPEUAIONMHACS TIABIBIM 06pa-
30M B OQHOM FCOMETPHUECKOM pACHONOMKEeHHH — ORTa3Ipe, XOTHA HacTo
HAGMIONALOTCS 3HAYNTeLHbIE HoKaMKenus 3701 dopmbi. HekoTopele IIpH-
YHTibI, BBISEIBAIOIIHE 14KHE HCKAKERKA, OyIyT 00CymAeHb B pask. 26.6.

Qurasnp — durypa odeHs BLICOKOH CUMMETPVH. Bakiio QTMETHTD,
Yo XOTA OKTa®ApHYeCKHe KOMMJEKCHl uacto MPCICTARIsdor Tak, Kak

niokazado topmyaoi 5.VIII a

CI\P —Cl
!
c;{../__ilcl
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rie Apa ATOMA XJA0Pa OTAHMAICTCSI OT JIP)y THX UCTHIPeX, HA CaMOM 1818 B
HeNCKuKEeHHOM OKTazape (cv pasit. 4.G), KOTOPLE HMCCT CUMMETHHIO
0,, BCe IMIECTbL ATOMOB XJ0Pa CUBEPLIEHHO YKBHBAICHTIIE!

s KOMMJIeRCoB, KOTOPhE YCIOBHO Oyle HA3LIBAThL COKTasipH-
UeCKHMH, H3BeCTHb ARe (opubl OTKIMoHenHH. [lepBas npeldcrasnseT
colofl Mmpuoralbtoe LCRUNCEHUE, LIDU KOTOPOM ORTRIAD BLITAHYT WIH
CKAT HO ONHOH H3 OCeu TPeThelo Hopsika. OKTaanp ¢ TPHIONATLHBIM
HCKAKEHUEM, eCcTeCTBENI0, npeiclaBaser co0cl TpHIOHAJLHYIO aHTH-
npuany (5.1X), upunanackamyo K kuaccy cumvieTpn Dy, BTopoi
BAXKHOR QOPMON HCRAMERWE SBAACTICH MEMPUCOHIAbHOE UCKOMEHUE,
TpE KOTOPOM CXTA3SAD VAIANEN AN YEKOPOUell BIOJL OCH UETBENTOro
nopyiaka (5.X), BemeiTBAE Yero ero CUMMETPHs NOHIDKaeTed o Dy,
O‘-l(’BH;lHO, HPeASThHO  TeTRl OHdABITO HCKAXCHITEIH O}\’Taﬂﬂﬂllﬂxu{lifl
KOMITIeKC (I'![)H VLIRTENHS) TIOTNOCTLEY TePRACD IRd M o- TRTAHA o
ClAHOBHTCH  TeTLIPCRKOOLIMHUDOBAL BB BBEITLHIN RhOMILIEKCONM.
Her nnkaxoro ONpene/eHITOrG GIBEYd Ha BONPOC, HAECKUTbKO LATEHHEH
AONKNUBI CTATH EBE aKCHAALIILIE CBA3H METALT — JNTAIL] 11O CPABHCHHID
C YETHIPLMA APYTHMU, yToObl CHATATL 5TH JBA JUTAlLa YTePAHILIME.
[TosToMY MONKHO NPHHATEL TY TOYKY 3PEildA, B COOTEEICIBHE C KOTOPOH
ORTAdNPHUECKAN H ILTOCKAS KBajapatrHas (;)Opl\ﬂ;l KoOpUNHATHHA nepexo-
LAT QlHa B ApVIVIO
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JLpyroi, ROUTH TPAaBUALHLIA MHOIOIPAHHHK — MIPU20HASLHAL NpUS-
M~ B3pelKa Berpeuaetcs, manpamep B MoS,, WS, u penneruix kom-
IEKCAX € ECTKHM OHAENTATHBIM JTHPEHIOM fuc-1,2-1udennnsten-
1,2-nutHoAaToM |7 6].

Koopaunausonusie vicaa 6oabiue 6. M3pecTHO, YTO KOOpAWHALIKOH-
Hule Ykcnia 7, 8 ¥ 9 3a HEMHOrAMH KCKJIIOUEHMSIMA BCTPEYayICa ¥ coeny-
HeHHH BTOPOTO M TPEeThETO PSAOB NepexOfHbLIX AEMEHTOB, JAHTAHUI0B
H aKTHHHIOB. 3TO 0TYacTH ofbAcHReTCst GOALLIHME DA3MEPAMH UOHOB
ITHX HMEMEUTOR, 4 TaKKe JIOCI YUBOCTRIO X opbutaneli. Koopasnaiu-
ontoe wueno 8 nadmogacics Harbo/1ee YacTo W IEAC FBHTEALHO ABASeTCd
NOBOALIC OGBIMHLIN KOOPAHBALKONHLIN YHCIOM 114 HakGoaee TaKemix
HIEMENTOR.

Kooprunaunonnoe uucyo 7. L5 21000 KOOPIHRELHOHIIOIO YHCHA
W3BECTHB TPH FeOMCTpHUCCKUe Koudurypanun. Haubodee npapunsuas
NPEACTABANET COGOH NEHIArOHANBHY IO GHNHpaMHdy (cuMmeTpus D)),
KoTopast nafitena g {UQ,F, %", kak noxazauo dopmysoit (5.X1), u »
woax [UF,1*7, |ZrF,1Y" u {HIF,i*" . Bropas koudurypaunus, koro-
PYIO MOMCHO PACCM&1PHBALbL KAK Pe3yJibTAT BBEACHHS CCILMOCO 4TOMA
B UENTP OfHOH W3 rpanelt OKTazfpa (NpHYEM [TOJ1YYACTCST CUMMETPHH
Csp), HMCKAMEHA FJABIBIM O6PE30M 34 CUET PACTAIUBAHUS B CTOPOHY
TPeX aTOMOR, ONPEeAAIMHUE 3Ty rpaHb, Oblia Hallena B ofHOH MoaK-

ukanun oxucros aanrtaiios M,O, n 8 [NDOF* ™. Tperss KOHbH-
rypaumst, kotopas Berpedaercd B Honax [NbF. 14~ u [TaF,I*~ o6pasosana
PACHOFUKETIHEM (ILMOT0 A10M2 HA'l TICHIPOM 0N N3 TPAMOYIONL-
HBIX ILIOCKOCICH DPIUONANLHCL IPHaMBL TR, KiuK HoKa3aHo Qopmy-
goi (B.ATL
o}
F\_‘
F= 13
U
VNS .
/E o
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Koopauranuoutoe udcno 8. [lanboace cuumeTpiugroll KoHdHTypa-
uxed asageres Ky6 (KoTopwllt HueeT cuvsmerpiio §,), H 9ToT B pacio-
JIOKEHUH JHTANA0B H3BECTEH TONBKO st NeGOMBILOIO HUCA2 TBEPIbIX
COenHenHit, B KOTOPHIX AHMOHL! 00pPasyIOT HelDepLIBHbE NENH, KAK B
crpyrtype CsCl. Takas kondurypauusi nexspecTna B KakHX-TuGo
OTAENBIBIX MX g-rpyiin. 310 APOHCXOAUT, BEPOATHO, HOTOMY, Y4TO HME-
CTCA HECKOABKO Hytell HCKamenusa KyHa, NpH KOTODBIX yMEHLINAeTCH
O1Ta.1KHBAHHE MEXKH) #TOMaMHE, HO COXPAHAETCH XOpollee B3aHvoel-
cteue M—X 18]

JIBa oCcHOBHBIX BMA3 HCKAXKCHHE Ky0a noKdsaHs! Ha pue. 5.2,
[Tepepiit w3 BHA: NOBOPOT GAHOME 113 hBaJpPATHRIX IIOCKOCTeH Ha 45° 1o
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OTHOIIPHHAIO K [IPOTHBONOJIOXKHON SBHO VMeHBIIAET OTTATKHBABKE MeXK-
RY HECBA3AHHPIMH ATOMAMH, B TO BpeMa Kak paccroamus M—X ocra-
woren  gensmenHuiMa.  OBpasyiomdiics MHOTOTPAHHMK OpEACTABJACT
coGoit KBaipartiyi arunpusMy (cumverpus D). Ona Hueer asa KBal-
paTHBIX CCHOPAHHS M BOCEMb PARHOGENPEHHLIX TPEYrOJbIMKOB B Ka-
yecTBe GOKOBHIX rpadeit. PeayabTaT BTOPOFO HCKAXKENHA MOXKHO Jyulie
OOHATL, €CAH yuecTh, uTo KyG obpazckaH ABYM# B3aHMIG TIPOHHKAW-
mEvi Terpazipami. HeofxogumMoe ucKarkeliHe NOJYUYAeTCsl, eClH Bep-
WKXHE! OAHGTO K3 FTHX TETRASAPOB NEPEMECTHTL TAK, Y1058 }’MeHh]_UHTb

Pure 52 [ra vapfioiee Bax i< nyTH Hokamenns KyOa: ¢ — ¢ ofipaionanmed hBal-
P AATHTEH e, & — L ufipd>OBAHHEN TOIEKAT TP

EBA BEPTHKJMBILIX YI14, 1. ¢ Y AHHULL 1C1PAy1D, a BePIUHHHL JAPY-
roro TeTpazIpa NMepeMecTHTh TaK, UTOOH NMOIyUYHIHL YKOPOUPHIILIL TeT-
pasap. Terpasipsi, 10/YYEHHBIE OTHKM H3 3THX Cfloco00B, HA3LIBAIOT
Oucihenonnamn  (cummerpus Dyy), H MHOrOIPaHHHK, NOAyUaKCLHHACA
M3 BOChMH BepUIHMH, O0pA3CBAHHIX ABYMSA B3aMMHO NPOHHKAIOUIHME
frcdeHon 1AM, HHOTAA NHa3BIBAOT GHCOHC(CHONAOM (TAKMKE C CHMMET-
puelt D,,). Bonee ofrigieoe (0 Oogdee H3fiHOR) €ro Haspanve — Aoge-
kasfp. Kak nokazano Ra puc. 5.2, He Bce BoceMb BEPUIMH 3TOTO QOJEKE-
3Apa SKBHBAJCHTHHI, OHH [OJPasZenzloTca Ha ABa GrcdeHOBIAABHAIX
Haopa, DPHYEM BCPIOHHBI, O1HOCAIIHECA K OTHOMY H3 HabopoB, ABNA-
IOTCH SKBHBAJNEHTHBIMH.

TularensHellt anaAus HepreTHKyu BaaumomeiicTsHd M—X 1 X—X
[03BOJISET N PEATTONCHKHTE, UTO BOOOLIC MCKET CYLNeCTROBAaTh HefonbLIoe
pasninyMe MeXIY SHeprudMM KBaipaTHOH AaHTHIPH3ML! H JOREKasn-
pa, eciH TOALKC He HMEOT 3iaueliud JPyrAe (axkTophl, HANPHMEp
HaJHYHe XeJaTHbIX KoJell, 3HEPTHH YaCTHYHO 3alI0JHEHEBIX BHYTPEHHHX

6 CDE]JCMCHH&}'I HEeonFaluIceKasT XHmds, o, 1
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OO0A0YEK, HCKIOUHTENLHC GJArONpPUSTHOR BO3MOMKIOCTH Jis THO-
painsauun opduranci umay np. B jpeficeBurenbHocTH ofe koHpurypa-
IHH BCTREYAIOTCH AOBOALIIC UACTO.

Kongmrypannsg KBadeTHOI[ ANTHTTPH3MEI NafileHa 8 woue [Rel 127
191, B wone [Tal,1*", B auetnaaneronare uspronus(IV) [10l, okpyr
Ce'V' B Ce{lQy), 1 BOKpV Th'V B Thl, [11]. Ilpumepsr noaexasnpu-
qecKOil KOHQUI'YpAaLnK Hailfenwt B K,ZrF, (BeaenctBue yuactis atomos
[, 8 [TiCly(diars),| u HekotophiX anarfomtu-ibix coeanHenunx Ti
Zr, a Taxke B {Zr(C,0,),1*" . Hon [Mo (CN)},I*" Tarke umeer Hopeka-
3APHYECKYI0 CHMMETPHIO B KPHCTANLIMUCCKOH KANHEBOI COMY, HO Cyule-
CTBYIOT IIPOTHBOPEUHBLIE MHENHS O €ro CTPYKType B pacrBope. flo-Bn-
JHMOMY, BO3MOMKHG U3METCHHE CAMMETPHH KRAIADATHON BHTHNPUIMLI B
PacTBoOpe. ELI.[(;‘ HERKOTOPLIC IIPUMCPBL 3THX AB¥X LIJUPM BOCLMHKOODRHHA-
kK OyayT aanu B ra. 30.

BochMyKoopanTauna, GAH3KAA K DOpMAan, NOKAZAHHBIM Tfa pHC. 5.2,
HafiieHa B ABYX COEIMHEHHSX, KOTOPBIC COjAEPIKAT GHIenTatHbie Jiral-
JBl, CRE /AB& JOHOPHLIX ATOMa YAEPIKUBAIOTCH 3HAUHTENRIIO GJUMKe, e
3TO paspeILAoOT X BAHACHRAANLCOBE paanycnl. Tak, NOCKONLKY B coe-
aunennu KCrOg 1121 coaepxarcy atompl Cr (hopMaibHO B OKHCIHTEN L-
HOM COCTOSHHM ¥V {K@KHbLT H3 HUX OKDYVIKCH YETHIPhMS NePOKCHA-HO-
liﬂ\iii) TO NONarawT, UYTO OJHH H3 ATOMOB KaM{oro NePOKCHA-HOHA Ha-
XOJMTCA TIPW BEPILMHE YVAJTHHEHHOro Gucdenoniaa (Bepumnni A Ha
pue. 5.2, 6}, nupHYeM BEPTHKaLbHLE YTIel paBiB 877, B TO BpeMs Kak
II[)}’FOH ATOM KEAIOr0 MHePOKCHT-HONE 11aXCGIHTCS B OI[I'IU]:I H3 BEPILIHH
YpesBpIUGHHO CHJALHO CKaTore OHchenonia  {BEpPTHKANLHBIC VI
174%). {locaennnil exsa OTIM4EETCA OT ILTOCKON KRAAPATHON (GOPMHI.
ATOM KHCIOpPOLY YAAMHEHHOI'O SucdeHoua aexar npuvepno na 0,1 A
Ginke K aromy Cr,uem aTOM KHCIOPONa B IOMTH KBAlpaTHOM Gucenone.

Taxor xe pacrmogoxetnne Hadigeno B none [Co{NQ,},I*~ 113l B xo-
TopoM kajiast NOJ-rpynna 6ugentatia. Beprukaabhne yram B yAIH-
1HEHHOM 6nc¢eﬂome paBIhl TpHMEPHO 957, B TO BpeMS KK B CHATOM
GHCdeonie OHM COCTABJAIOT II}}LIﬁJIHBHTe.FIbHO 158% B aTOM Chyudae
JHABL CBAZ3El B ABYX OucdCHOHAAX 3aMETHO PA3NHYAIOTCH, IPHYEM OHK
pasaul 2,04 A B yaaubennom n 241 n 2,70 A B meiee npasunsHoM
catom Oucdenonge. Tlo cylMecTsBY Takas MK CTPYKTYPA, UCKIOYAA
HaHuYHe TNoYTH OIHHAKOBBIX MeTANT-BHCIODOLHBIX CBsiaed 1143]. HMeeT
macto Takxe 8 Ti{NOy),.

Hpyras BOLbNiHKOOleHIiﬁ].LHDI[[Iaﬂ CTPYKTYPa HiAHNeHa B HOMHe
[UO; tO0,CCHy)al™  (pue. 32.3); ona suimagaer M3 psja CTPYKTYD, pac-
CMOTPEHHBIX BhILIE, HocKodbKY rpyina UQ, coennduueckd tpebyer
HAMHAA JHIEHTIOCTH.

Koopnupaunontoe uancao 9. i 310ro KOOpAHHAIMORHOTO YHCIA
UBBECTHO JKIiL OATO MPAaBHABHOE PACHOJIOMKCHEE, KOTOpoe Habmionaer-
¢a aoBosbHO yacTo. OHo ofpa#30B4HC M3 TPATOHAALHOH 1IPU3MBL pas-
MeHenueM Tpex RONOJMHHTeNbHBIX aTOMOB C HAPYIKHOR CTOPOHBL OT
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[EHTPOB TPEX BEPTHKAJNBHBIX TAOCKOCTeH, KaK noKasaHo Ha puc. 5.3;
9TO COXPAHHET Dy-cHMMETPHIO TPHTOHATbROM fipusMbl. K unciy coeftu-
HEHHH € TAKHM DACHONOXKElHenM oTuocsred La (OH),, UCL,, PbCl,,
IHAPATHPOBAHHIIE COCARNENHA AAITAHMIOB, NoJobHKE Nd(BrOJ1
-9H,0, nexoropble THAPATHPORALTILIC coan S¥2+ y [ReH 12~ -nen.
Bhicwne KOOPAMHALHOHHLIE YHCIA. ITI Unea nabaoiaiores oTHO-
catenbio pexko [146) v obbino v chepuueckny KaTHONOB GONbIIHX

Puac 5.3 C'Tf‘_\'KT} P MTHOTHX ACBATHROODIHBAHHOWIIXY KOMOACKCOR.

pA3NEPOB, T, €. ¥ HOHOB HAuOOIEe TANKEILIX MEJOUHLIX H HIEJAOUHO3e-
MeNibHbIX anemexrros Kax npaBuso, reoMeTprueckue GOPMB KOMIIIeK-
COB B 9TOM CAyuae HenpaBu/Jbibie M NPHAHCBIBAHAE UM KOOPAUHALHOH-
HeIX uucedt 10, 11, 12... 4aCTO A0 UBBECTHOH CTeMelM CIOPHO, TAK KAK
paccmmum MeHAGLY KATHOHOM H andenanid 0o0blUie Tex AOCTATOUHO
KOPOTKAX PACCTOAHIR, UTOOB MOMHO OLIIG OTYETAWBO CUUTATL, uTO
CYLIECTBYET CITLIOC B3AUROACHCIRIC, H BMECTE ¢ FeM OITH HEOCTATOUHO
ANUHIbE, YTOCK BX MOKIO OhAC PACCMATPHBATL A€AINMAE BHE Lpe-
JeA0B UCTHHHON koopiaunanuu. Eeau, wak B OUPCALIEHHBIY CMCLUAH-
HuIX oKHedax meransos {wanpusep, & BaTiOy), Soabwue Karuonw u
OKCHABBIE HOIIB 0GP A3YIOT I€TENOTENHYIO, TNIOTHOYIAKOBAHH VIO PELICTKY,
TO GOJBIIME KATHOHLL MMCIOT KOOPIMHAUMOKIIOE YHCHO JBEHAALATSH.
Habop KOOPAUHMPOBAHHBEIX OKCHIHBIX HOHOB CYIWGECTBYET B BHJC KBa-
TOPRALLIION 10JOCHE Y3 T11ECTIT HOHOB KHCAODPOIE 110 BEPTHKAJAM HIECTH-
YroAbHKKA H PABIOCTOPONIHX TECYTOABHIIKOB M3 OKCHAHBX UOHOB €
OAHOIT CTOPOIBL BLINE, & ¢ APYTOH CTOPONE HHXKE 3TOH NOAOCHE (CHM-
meTpas Dyy).

5.4. Tunsl araulos

MowmHo JaTh caxoe ofliee ONPCIeneHde A9rafiaM Kak KaKHM-a1u60
aToMan, HOHaAM HAH MOIIEKYJaM, Crocofibliv BRICTYNETL B pOIH A0-
HOPUOTO lapTHepa B OaHoH nau 0odee KOOPAHBAUMOHHBIX CBA3AX.
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Berpeuarotea ciiyuad, Hanpusep cpefil KapOOHHJIOB METAMAOB, KOIIa
napiHepd MOXKHO HA3BaTh JAHTAHNOM, XOTH O HBAAETCA HACTOALKO e
AKUENTOPOM, HACKO/LKO H JOHOPOM, HO NPUBENEIIHOE BLIE OMmpejeie-
HEE MO3BOJET 3TO CAENATh.

B nacTosuiee Bpems HET HAKAKHX JOKA34TENLCTE, YTO KaKue-Tubo
OpOCTHIE HC3APSIKEHNbe ATOMBl BBICTYIAIOT B POJH JAHFAKAOB, ORHAKO
OHOATOMHSLIE HOHBL, 0COGEHHO HOHBL I'ATTOFEHOB, BedyT cefs HMeHHo TaK.
CyulecTsylOT MHOTOHHCICHHBIE KOMILIEKCH!, COZEPIKALlEE B KAMECTBE
JIMFAHROB  JIHWIb Tal0TeHuI-nownl, nojebHee [PFgl™, [FeCl]l™,
|CoBry|>” u [TILI", Tak e Kak 4 MHOTHE ApYrHe KOMIJIEK-
Cbl, COAEPXKANIHE FaTOTCHHI-HONBI MAPSIIy C IPYTUMH  THFEHAAMH,
rague, xak {Co(NHu:CI?-,  IPHELPYBr.l,  [CopyCll™ * u
[Cr (H,0),CL]+. ) ’

Onnoaromunie HOHB NPHEANKIEKAT K OSUIEMY KJA4CCY JHIAHIGE, Ha-
BECTHBIX XaK 00HO- Wi  monodesmamsasie (dentate — sy6uarsifi) an-
Tanp!. MoHoICRTaTHE® JTUraRbl UCITOTL3YIOT TOALKO OAHH ATOM B HaH-
Hblil MOMEHT B KauecTBe JOHODHOTO aTOM3, M, CAEAOBATEALIO, QHH MO-
TyT 3aHHMATH JIHiL OAHO KOOPAHHAUHOHIIGE MECTO y IAHNOIC KaTHOHA.
EcTecTBeHHO, MHOTHE NONH10MUbIe HOHLL H MOJEKYMBl TaKKe MOTYT
GLITh MOHOJNEHTATHEIME JHMTaHAAMA. HeEKoTophle XapaKTepubie U Wau-
fosee BaxUble H3 TAKHX JHTAHAOD NEPeuHCHEHbl NHXKe, DTo rajgore-
aui-uorel: F, CI7, Br™, I7; apyrue donn: H™, CN™, SCN™ NOT
NOz, N;. RCOO™, 8Oi; modexvas: RN, R,P, CO, R..S,’R.JP(?)’
R,50, nupuaun, 11,0. Crenyer o1MeTurs, yto MONOARIITATHbIE :mraH,m},;
MOTYT OZHOBDEMEHHO 3ABOJHATh KOOPIHIAIIOHITEIE RMCCTA Vv ABYVX KU
A2XKE Y TPEX PABHLIX NOIIOB METALIOB, 1. €. OHH MOTYT iy f{KLLa'ouupo-
BaTb B pO/AR MOCTHKOB. HexoToplie BHIbI TaKOro o0pasoBasHus MOCTH-
koB (hopsysnt 5. XII1—5.XIX) Xopomo uzBecTHb.
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Cyrs no dopmyaam 5. XT1[—5.XVI1, MocTHKoBKE Jturabist crporo
MOHOQALUTATHEL B TOM QMBICIC, T2 JHLMN: OUMHH aToM B HHX HbICTyriaeT B
poau nowopHoro atoma. B cipyxrypax 5 XVII, 5.XVIIT » 5.XIX
pasiliie aTOMBI JHTAHAA KOOPAANHPOBAHLL DA3HBIMA HOHAMU METa/lna.
B TROWMAHAT-HOHE TQABKO OJHH U3 NOTEINIHAJLHO JAOHOPHLIX ATOMOB,
S # N, o recMerpuyecKuM CoofipaKenHad MoXeT ObITh CBA3AH ¢ OFHUM
HOHOM MeTajlia, HO 084 KOHUA JHTaiin 0AHOBPEMCHHO MOCYT ObITh
CBA3AHBL C DA3HBIMU KATHOHAMH B KapOokcuTaT-aHHOHAX, Kak H B
cyAb(aT-, KAPGOHAT- U HHTPAT-AUNOHAX, IBd 4TONA MOTYT ObiTh KOOPUH-
HHPOBAHEL OAEHM H TEM e HOHOM METALIA, B H3BCCINb CllyUHan, KOraa
3T0 NPOUCXOTUT CO BCeMH TAKHMH HOHAMH.

Jivranap, offanamomie ABYMA H OOTbHIHM YHCAOM ATOMOB, KOTO-
pIJ€ MOTYT OZHOBPEMEHHO CITYy KHTh JOHOPAMH, HA3HIBAIOT N0AUCCHMAN-
HotMe AUraH1avd, Takue Juranjpl ¢ 18YMa TOHOPHBIMH I'DYTINTHDORKAMH
HasHBAJOT OUACHTATHLIMH, NHUrAHAB ¢ TPeMs, UETHIPLMA, OATHIO M Lie-
CTBIO JIOHODHBIMKH TPYMIHPOBKAMH HA3BIBAIOT COOTBETCTBEHHO TPH
(uaK Ten)-, ueThIpeX (Uau KBaJpH)+, MeuTa- | TeKca (411 CeCKBH)IEHTaT-
HLMH nurantamu. [loasaentatible AUraugel, Crpoende KOTOPBIX A03-
BOJAET OCYHIECTBHI'L CoeaHHeHHe ABYMSA WIH 00AbIIHM YBCTIOM JOHOP-
HBIX CPYTIHPOBOK € OJUHM W feM 3Ke HOHOM META/1a OLIOBPEeMEHHO,
T. ¢. 3AMBIKAIONUIE OIHO HJH HEeCKOJILKO KOJeH, HAsblBaT LeAGmHbLMY
(kneuiHeBHIHBIMH, OT rpeueckoro cioba chelate — waewns) auran-
DAMH, W QHE, [IECOMHEHUD, ABJIRIOTCH HAn0 e8 BAKEBIM KAACCOM MOIU-
deHTaTHEX Anrapios. Tak, oba auamuna, 5. XX n 5 XXI, spasiorcn
NOJHICHTATHLIME THFAHAAME, HO JHUIL 3THACHIMAMYUR OpElCTaBJIACT
cobof XeJaTHBIH JHTAHN

Hi e g 11 Clt,
N, =N Hoh L
N —
5 XX 5 ¥l

[Npamepnt pasnooBpasueiX NOJHLEHTATILIX X@J4THBIX JIHTAHAOB MPH-
BeJleHbl B Taba. H.2.
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HexoTopaie MOTHIEHTATHIC XetaTHHEC THT A/
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Hnodoanenue
iMoo Tir 1vaa
HerRuriopuie eonedJen Mtionbll 12800
cliz—CH,e, N
/S< 2 A=C
1.8 fuel canuuniu genamuto) 3,b nuTHa Ho ‘I /0-
oKTan ~
Hgto T o
N\
S N=C
CHy=CH; 11
ARYOR  5TH/ETAMAVHHTETPAVKL) CHOR /-O“C N4 COy—
KHCTOTH {jﬂ[‘}{}
I —CHy={Hp— N
AN
0.C COp—

CTPOENNE, H30MEPHA H HOMEHKIIATYPA
KROMIJALKCHBIX COENUHEITNH

D3 Daeveir: b HOMEREITATS Pol

KOOPIHII&[IHOHHL:IE COe LHHCHHA MOLVT HEMeTL JOBOABHO CHOXRHOE
CTPOEHIE, B TOM UHCTe # MPOCTPANCTECHHCE 1103 TOMY Tadke D NOBep -
NOCTHON 3HALOMCTBE € KN NHMHER HOOGLOTHMO x0TH Hh KPdaTko 00Cy-
JHTL qJOpMa.ﬂbeI(‘ 1npaniaa OMenKIaTy phi C.lE‘IIOBEITE..'II:IIO, aepef 1eM
KaK Haualb pACCMOTPEHHE HBJEIHH HIUMeDHH, Mel o0CYyIHM H [pOHJ-
JOCTREPYEM HEKOTOPHE B3 HAWGO.1ee BAMHLIY ¥ HE LONYCKAIINK HCK-
JIOYENHA NIpaBy 1, BEOpaHHbe W3 3HAUMIeNLHO (ONBILICTO CBOAA npa-
BHJ, NIPENTOMEHALIN MexHy HAPOIHbIM XMAHYSCKHM COI30M

! Hassawue sucandos a) OrTpHuUalcabHbie (anHOHHEBE)] JHMAHIbI
obpazy oI 40DABICHHCH h ODLIYIIOVY J143BAHHKIO F PYIIIE OROTHUAHHKA 0.
[ 1puviepov 3Tore moryT cay :Kuie teraiel Cl7 o (xtopo), Bro {Opomo),
SCN™  (tnoumanaro), CN  (umauo), SO,2°  {eviedaio), OH™ (ruz-
pokco), O {okco), O,I17 (mepramporco), NH; {awuno) au NH*
(anK10). Ormeruw creyioure cneuuduseckye npasana  [lockonbKy
SCN ™ mokeT 6o01b KOOPAHHHPOBAIl KAK HO aroMy S, Tak B no atomy N,
TO, €M M3BCLTHO Pas.IHYHe B KOODIMHALMM, C.IEIYET HCNOTb30BATH
BRIDANKCHHE THOUMAEA1O-S iy rwonnanalo-N  Hon NO7  moxer
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KOOPAMHAPOBATLCA JH00 uepes @30T, B 5TOM CJAYUYAE €70 HA3LIBAIOT
HHTPO, NHOO Yepes KHCJAOPOI, H TOTAA erc HaswBalT HATPUTO.

0) Haspanus nefdiTpasibHblX AHTaHAOB He CHCTEMATHAHPOBAHL. Ias
MeHee o0LINHbIX JIKTAKIOB IPOCTO HCOOAL3YIOT WX COGCTBENHBIE HA3BA-
nusi. K naunbotee BamubiM amramgam ornocarea Ho,O (akso), NH,
(ammun}, CO (xapBouna) v NO (HuTpo3ua).

2. Homenxaramypa MOHOAOCDHBIX KOMRACKCHBIX UOHOR.

a) Ecnu coepunenye NocTpoeHo HONHO, KATHOT (KATHOHLI) HA3EIBAIOT
fIEPBLIM (Bile 3aBUCHMOCTH OT TOTO, KOMIJEXCHBIH OH HiH HeT).

6) I1pH BanMeHOBAHMH KOMDWEKca (HE3ABHUCHAMO OT TOTQ, SBJSETCH
JIH OH KaTHOHHBIM HoH HCHI pElJIbeL‘\I) JIACAHABL TePeYHCTII0OT, HauHas
C OTPHUATCIbHBIA, 3dTe€V HAZBIBAKOT LKPIIT[JH.-'IBIILH‘I aTinl, YKasblBas
puMcKo uadpoi B KPYTTHX CKOOKAX Ero COCTOSHHC OKHC/IeHHS.
CamBon {0) HCHOAL3YIOT AN1A HYNEBOH CTENCHH OKHCJILHHS.

B) Ecau rowimexce npepcrapasier cofOd aHUOH, K Ha3BanM0 LEHT-
PaVILHOTG aroma nprOaBASIOT cydpuhe am # BCIRH 3a 5THM cydxpuKrcom
TMMOKASEIBADT CTEIEeHb OKHCEITHT.

ry HUncno JurainoB Kamaoro Buia oGo3HAYANT, HCHOAL3YA Tpe-
UeCKWe TIPHCTABKH [H-, TPH-, TeTpa-, MeHTA- d rekca-. J1pusefeindsle
HIKE TIPHMEPB KTIOCIPHPYIOT 9Pl npaBHaa.

[Co (NH.);] Ciy

K4 [AHC,0;)]
Cr{H,(3,Cl,jCl
[ColNI1,) {NOHCHNO,
K[PtCl (N

Ky |Co (CNNOY
((CH)4N{ | Co(NCS),]

lexcamvnugodaanti Il D xnopun
Kamitrpuorcanatoamowinar{111)
AwvopoieTpansoxpovi( I xnopua
Xroponmpotetpasmpnkotant{ [IDHatpar
Kaaniiipus wpoaumunntatunat(l])
KannuncuranuanonwTpossakof anstar(11)
TerpamernaawuouniiteTpaTaounanaro-N-kodansrar{l[)
3. Hassanue xomnaexcos co caomcHvimy auearoamu. Ecay auranis

camy no cefe UMEIOT CIOMKHEBIR HA3BAHKA, CONepKallHe HH@)pOBble [pH-
CTABKH, {a3BaHHH 3aKNHOYa0T B KPPy ki ChOBKH B UX YHCAO YHKa3biBa-
WOT HpHCraBKaMn Buc, TPHC, TeTPAKHKC, NMEHTAKHC, FEKCAKHC.
[Coerig] Cly Tpuc{atanensuavnnikobanwt(11N)xnopun
[Co(HNCH ,CH,NHCH,CITNH,), [(NO,), Buc (zuataacH rpgamits jkoGanst (111 uur-
par

Terparnc[docdop ([11) bropaajumnxene (0}
Ll panonenTak He{ Gelts HIIH 30 KA R T) Keqe-
30 {II)xnoprz

[Nt {PFg),]
{Fe (CN)(CNCH,CgH;)s} Ci

4. Mocmukosoie MHO2080eprbie KoMriekcest. MOCTHROBBIE JHIaHIst
0003HaYaT CHUMBOMAOM U Neped uX HazganHAMH. CHMBOA L I0MKeH GHITh
NOBTOPEH fCPeR HasBaHHMeM Kaio# OTIEILHOH MOCTHKOBCH Tpymi,
KaK 3T0 T0K433HO HA HEKOTOPHIX RpUMEpax:

- e R et P g

KOOPAHKEALMOHIHBIE COERMHEHHS (69
K3[ClgTICH,TICL,] Kanunitrpuxaoporanaui{111}-p-rpuiaopo-
tpuxaoporananil 1) wav KaduHrexca-
xJa0p0 R-TpuxnopogaTanki(IIT)
o NH -3+
VAN
{en},Co Cofen, Buc(sTunengnamuxkotansr{il)-p-amunc-
N/ p-rrapekcotncd sThAeH raMiEn)ko6aasT(111)
O
L H

TpuammuurodasbT(111)-u-TparsApokcoTpu-
amuuukoGaneT{{1i}

X noporpudennapoeduumantaguii(11)-p-

g xiopoxsoporprdennadocdunnanna-
zun(1l)

{{H3N),; Co(OH }sColNH 3P+

~(CaH5)5P Cl Ci
{CeHa)s W N
Pd Pd

NS
Ci/ Cl

\
P (CH5)s

5. Teomempuneckas i onmuteckas usoMepus. B HCKOTOPHIX npyBe-
JCHHLIX Bblle MpPUMEpPax Haspains Oblil JaHbl HE COBCCM N[OMHO, TaK
KAK He OBLIO MTUKaKHX YKa3aHHhil, nosBoJsouiuX DAaccMaTpHBaTh OT-
JenbHble CTPYKTYPHbE H30Mepbl. BB nanpHeiiien GYAYT ONHCAHbl HEKO-
TOPHIE THITH PEAJBHO CYLLECTBYIONIHY M3OMEPOB H NPH KaMICM M3 HUX
Gvaer ykasana HeoOXofumas HOMERKMaTypa.

5.6, Crepeonzomepst

Cpeaid KOOPAHHAMHOHIBIX KOMILACKCOB BCTPCUAIOTCS KAK TEOMETPH-
YCCKas, TAK W ONTHUECKAA H3OMEpPH:. B {IGCJIeRYIOWICM PacCHMOTpeHuH
OFPUHUUMNMCH JTHIIb [3)UCHHEY 1€1Da3APAYCCKRX, NMIOCKHX KBajpat-
HLIS W OKTASIPHYSCKHX KOMITEKCOB.

TeomeTpHueckMe H3OmMephl. §eoneTprueckan nsonepus ne Huima ob-
HapymeHa JLTs 1CTPAZIPHYECKH KOAMIICKCOR, TIHYEM ee H HeA 38 66110
OWMAATb AIA THX, 33 HCLJIOUCHHeM, MOXC! ObHlb, CIydaesB ¢ oueHb
CACKEBIMH W Kpafine crenuHuecKuMy JIHTAHIAME.

B mnockuX KBaapaTHLIX KOMOMEKcaX, HanpoTHB, A0BONBNO 1acTo
0BHAPYKUBAIOTCH PAasHbie THIH! [eOMETPHUECKOH H30MEPHH.

1. Jlwo6oi koumnexrc THia MA,B, moxer cyilecTROBATH B Huc-
BIM mpare-popuax

A A B A
AV ™
M M
VN N
B B A B
guc (Coy) mpunc(D )

Cpenr kommaexcos Tina MA,BC 7axmke CYIIECTBYIOT 4UC- U HIPAHC-
uzomepsl. JAs KOMIAEKCOB THNA MABCD Bo3smOXHE TPH H30Mepa, BCE
obnanawnyie cuMMerprel Cg, H B palie cyvaes, nofiodibix naohpaxen-
Hulh GopMysaMU 5 XXII, Bee oHM OLLIM H30IHPOBANEL.
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2. Ias BHYTPHROMDJICKCHLIX ({XeMaTHbIX) COCAMICHIH C 3AMECTH-
TESHMH Y aT1OMOB, 0HPA3VIOIUKY UHKA, MOKHO OKHIAIHL BOIMOMKIOCTII
CYWECTBOBARIS Kommiekcos ¢ nue- (3 XX11Iay u mpane- (5. X X1116)
CTPYRTY POH 1O OTHOLWICIHIO K MCUIAHHON MJOCKOCTH MOJEK VB,

H,L H, Hg CHy H il, H
N ,N—T(H n (1 3T .
ii.C 1"1{ 3 H
- S P T R
ty H, 11 Ii;C Hy H,

prefCy, ) mpaae) Cyp)

& XXMUla 5 XXI4

3. Cpean VOCTHKOBBIX JIBY XbsIIEPHEIX ILIOCKAX KOWIAEKCOR RO3-
MOMHO CyHIeCcTBOBAHUC ic- {C, ) (5. X X IV a), mpanc-{C,, } (5. X X 1V5),
a Takxe ¥ wlecummeipuunotoy (€, ) 15 XXIVB) nsomepos, xo1x
RAK H B MPUBEICHHOM ARHMODE, TAK K BO BCEX JP}TH){ (_‘J'I}"{Ei?])( [’Jbl‘,‘il‘l
OGHED}'}KGIIIJI 103BKO IB4 LILPBLIN Hfi()\lcpa.

c1\I /cv\ /c1 Etyp cl cl a cl PEt;
/‘t\ /Pt\ >:t< >—‘t/ \Dt/ \Pt/
Et.P cl PEt, cf i \PFra {:1/ \CI/ \pu
5 XXIV; 350 b 5%XIVe

B okiasipiveckinn hovimnekeax #iBecino neckoTnko OIIpe/IeNCHITRIX
BHOB -, j?l,[la{'{C‘HJUML‘DIIh. Opey nandotee RaKIBIE H3 HHX
que- (Coy) 15 XXVa) n mpanc- {D,,) 15.XXV6) 1as Komnsexcos
mna MAB, 1 que- (C,) (5 XXVIa) u mpanc- (Cy,) (5. XXVI6)
U3OMEPHI 1451 KOMIJAEKCOR TaAna MA,B,.
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Tlpu na23panmuu KOMILIEKCOB, CHOCOGHBIX K CYIECTBOBANMIO B BHIE
Yue- W mpasc-u30MEPOB, COD1BETCTEYIONAY CTPYKTYPA YKasblBaeics
Ip1 NOMOLH IpACT4BKA, O1ISTe1I0H ;"!(3q7}1(‘0\1, nepen Haspauuem co-
ENMHCHIA,  HAUDHMED  uuc-ARITopoierpavvrnkoGaist(1 ) xaopus.

JApyras cueresa HoneHkaany pel |15al oRTamIPHYCCKUX KOMILIEK-
COB HCHOTB3YeT HHGPOBY 10 cXery , IpiiBe ey 10 B dopvyae 5. X XVlla.
B Gosce mpocThix cayuasx, nHanpuvMep nas coeanmnedni 5.XXV owu
3. XXV, 210 ne ovellh HYHKHO, HO 1T (0Fe¢ CTOMERELY CHCTEM, HATIPH-
vep 5. X XVII6, taxof cnocol obosnauelua 4opo16Ho i1odesen. Hampu-
vep, coefnnenne 5 X XVIIG naausaior |,2-muxaopo-4-noro-6-nu1po-3-
aHpHAHRaMvHAanaarana( V).

5. XXVIg

5 XXVIla

OnTHuecKne H3oMEDL. C])E‘,’H’I MUOTHY THITOB ONTHUYCCKILX HBONRDOB,
KQTOP e WO Ot CyIUCCTROBATL 1A TCIPAaNpPHYECKHTX KOMNIEKCOR,
Obli1i ofHapy meusl Alib TAKHE, Kolopsle nabldiotalores B Ouc{BHYTHI-
]{OMH.T[EKCIII;IX] COCJHHEHHAN C HCCHMMETPHYHBINMH  JlITaHIaMH. Onu
ApUHAATEXKAT ¥ H3oMepanm obmed gopmyant 5. X XVIila n & XXVI16.
Annod Suctcannunaansrernzo)iop( 111, (erp, 80,4 2) npeuctariset co-
B0l 10T cTvyail, ROTLA \IAM0Ch 10GHTHEA Pa LIC TeHUsl dHTHIIONOB,

— —_ I .
B B \ ; I
\ / \ S H }J—_‘I\'\l—,!/‘\ ?“'1]
/M\ AN NN S
by
A D i__B 4 Hp M Sy,
EXaLTa 5 A 5 XXIX

Cpe.ay Ta0Ck#X KBAPATHHIX KOMMITEKCOR ONTHYCCKHE U30MEpPB! Ha-
GAIGIAIOTCH I0BOABII0 PEIKO, TIPHYSM B W4ReCTHbIX C1y1TasgY OHA HMEoT
JOBONLITO HEOGLIYHHIE BHYI DHKOMUACKCHBIC HECHMMETPHUILE JHTARI.
Hanpumep, yAanoch pasgCiuTb Ha ONTHUECKHE SHTHIIOALL KOMILIEKC
Pl (5. X XIX). run GuLTI0 10KA33HE, UTO KOOPIHHALHA B HEM 1LN0C-
Kast, HOCKOJBKY NPH TETPasApHIecKoM CTPOSHUH OH UMCA Obl IJIOCKOCTE
CHMMETPHH U, CICOBATeNLHO, HC HMCT 6bl  ONTHUECKHX H3OMEDOB.
Buino yeranoaero, wro 3ATK ofpazyer annonnnii komnaeke ¢ Pdl,
KOTOPHIL MOKHO DPE3IENUTR HA ONTHUECKHE H30MERLl. JTH H30OMEpPH
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Joixpe DuiTh OnTHuecKY™n anrthnogammi 5 X XXa {cwwwerpun €.
yuc-usomep {C,), 5, XX X6, ofnapyxed He ObLI.

(“H,('Og'

]
X
\\;:/O\\ C—O JC/D\\ /
C Hy

D
H d'\ f..H / \ /.'“H2
L‘\c%—cm L CH, —-CHa/lH cor
Fhthed}
H, COy~ I Rolely
£ X¥Xa 5, XXX G

HauGonee BamkHLIe C1yYan OUTHYECKON M30OMCPHII 1A 10JalTca Aaa
OKTaE}}lpl/]l{ECKH}( KOMITEKCOB . OT]H]H(‘CI{HC A30MKE DB MOTY T C}’U[QCTBD-
BaTh AA5 HCKJICHIHEBMAHBIX (HeXCAaTHLIX) KOMNJIEKCOB C TPEeMA HJH
GOALILEM YHCJHOM DA3HBIX BHIACB JAMraiiloB, OpHYEM HE NOJIKEO HLITh
Gogblue JBYX NHTAHAOB KakJoro BUAd AIH coelnneRni: [Mashge,l,
[Ma,b.cdl, IMagbedel n IMabedefl. aa cayuas [Ma,b,c,] moxer
GblTs NATH reome’rp;mecmx naovepor, u 5. X X X1 cyulectByer B pupe
onTHYeckux uzomepos; 5. X XVIIG Takxe Mo#eT IMETh ONTHYECKHE H30-
Mephi. o wactonwero BReMEHU ULT, giliaxo, COoBUWCHHH 0 pazleneHudy
Ha ONTHYECKHE H3OMEPLI KOMILIEKCOB, COACPKALIUX TCILKO MOOLENTAT-
Hule JTHEAHIb

i b
P r_-ir_-a
5 XXXla 5 XXXis

MHoxecTeo paboT 1o CITHUECKOR H30MePHHU GHIIO BLIMOAHEHO © OK-
TasHPUUCCKHMA KOMILICKCAMH, COLlepRalllUMa xe aTube auranan. Hau-
Ooaee pﬂCHpGCTpa[IeHHbIﬁ IO TAKHX KOMILIeKCOR CO,.'J,eP}KII] TN 6”}'{(3]1-
TATHIAX JUCANAA HTH 1A GHICHTAIHLIX ¥ B2 MOHOICHTATHLIX ,HTaH 3.
B aThx cmyuasx sHanruoMopdwbivy ogashiBawTtes 3. XX XIla (cuv-
setpua D) u 5. XX XTI feuamerpua C,)

& &o 4

& XXxila & XXXIg 5 XXXls S XXXl

Hasecitio Honbiioe YHEAO KOMTINEKCOB 3TOTO THNA, H MHOTHE H2 BAX
OblIA pasfeseHb A ONTHUECKEE H3omepsl. Pacmennenue oORIYKO ocy-
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WECTBJAIOT, HCIOaR3ya Karuounbe (Hanpusep, [Crien),]® win yuc-
[Cofen),Cl,) ") mam anpoumme (naupumep, [Co(oxalato);)3”} xon-
TIEKCLI, TPH ITOMOILH APOOHON KPHCTATLTH3AIUMN KHACTEPEOHAOMEDITBIA
COMefl ¢ ONMTHUECKH aKTHBHBIMH OpPLIAHHYECKHMH AHKOHAMH WJIH KaTHO-
uanu. Tak, pauemnueckyw cnect fue-|Coen ,Cl,ICl MoxHO ofpadoTarts
AMMOHEEBOH CcoMbio d-a-OpoMEavdop-m-C v LBOKHCIOTH, YTO TOREIET
K 06pazoBaHBI0 CMECH IMACICPEOUIOMEPOB, KaK NOKA3aHO CJAeLYIOWIHN
ypaBueHue:

p{Coen CLICH
NHyld-Cppl 810,58
L-[Coen,CLICI | -+ 2NH,y|d-Cpotl; B 0O,35]

— D-[Coen,ClyJ{d- CyoH 14Br0,8) + L-[Coen,Cl,{d-CyoH,, BrO,S) 4+ 2NH,CI

ﬂHaCTEpeOHSO\]prI (a3l aeHHune TAKHM MeTOIOM, MOMHO B ,J.a:lbﬁefi-
M 069:‘.\)0‘?81 b COTRROI KU '10’['0'1. UTOORL VIAAUTE OpFaHHecKie adnQ-
HbI B AOMY Uil ABA ONTHYCCKHX H3OMEPa [Coen ,Cl,ICl. Ecrecreento,
NO NpHYHHAM, CRAZABULN ¢ KMESTHKON MROUECCQR, pd"{;'lQ'l(.Hﬂe 0K a3b-
BACTCS HE BCErda BOSMOMKHLIM  {aK, Her IHKAKOro COMIeHHS, HTO
[Zneng1#* u [Nieng? ofaaiaoT OxTasApuYeckol cTpykTypold ¥ Cy-
HWECTBYIOT B BHIC PalleMaToOB (DL-CAMECH), TEM HE MeHee HX PasfeinThb
a ONTAYECKAS ANTAICAM HAKCMY Fie y1aBasoch. XOPOWIO W3BLCTHO,
YTO CKOPOCIH PeakKlUufl B leperpyniipoBKH, KaK ROKA3aHO ONBITaMH C
MEUEHBIMH aTOMAMH, BOOOIE OTHGCMTEABHD BENAKH AAS KOMILIEKCOB
Nil! g Zn!!, ® no3TOMY BBIIERACMLIA ONTHYECKHA AHTHHOL MOKET Pd-
UeMH30BATECH HACTOALKO 61)’!(‘1}30, YiG €70 NPUCY TCIBAE MOXMel e nod-

aasaThed asnveperusn. Laa kownacacos Critf i Col cropoc ta pedasiini
B OE}U.I,L‘M LERCIHKIT, MpHYCH, YioHhl MPOR30NLTa HEPLT PV ITIINNORR,
IIEOSE\O,JH\'IL}}. el Mol (AU, TOR W10 BLEALTACMEI OIHTHULCCTUHE all -

nom }'CTDTIQMB B FEYCHIS 4acoi H Maxze ueh, HO, €CICCTReHIG, MOACT
pauneMH30oBa rbeqd. C..'l(:‘,'l}'(:‘l LaKHKC OTMCTHTH, 9T0 PR IIOMOULH CneuHa b
HbiX peprrenorpaueckua MEi0J0B, B KOTOPBIX PCATTEHOBCKOC 113dY-
yeHHE MMEET TY ME IJHHY BOJHH, YTO M Kpal pPEeHITeHOBCKOro Morno-
HIEHRA BOa MeTalla (TeXHHKa «aHOManbliol AHcnepcru»), ObpLia onpe-
neneHa abcodioTHas Koudwurypaliua uoxa [Coenyl?t.

Onivueckas aKTUBHOCTL KOMOISKCOB ¢ TeKCAREHTATHDLIMH JIHITAH-
maMK TakdKe W3yUeHa AOBOABIG noipotao. Hampumep, NepsrLil rexca-
JEHTATHIAH AdTaBl, TpPHECelubli B 1864, 5.2, xoTopwil MOXHO 3an-
catb B e O—N—8—S5—N--0Q, MoKer pacmofaraThcs B KOMIICKCE
HOTBIPbMA TEONMEGTPHYCCKH  paadiubEIME cnocobamu (5. X X XI]la—
XXXIIIr), 4 xaXmni H3 9THX TEOMETPHUECKHX W30MEPOB CYLIECTHYCT
B BHAE OUTHUECKHX AHTHIONCBR. [leTanbioe M3yuenHe NPOCTRANCINCI.
HOTQ CTPOSHUA, KOTOPOE NYWINE NMPOBECTH C LIPOBEPKOH 11a MOACJNX,
norasuiBaer, uto crpykrypa 5. XXXIlla szauateabno MEnce H01pyi-
HeHE ADOCTPAUCTBRHIG, HeM OCTAIbHEE. Cne,rlyel Hpeanoiingn, win
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Sror KATHOI Obl1 Pd2lgact Ua onTRYCCKHE ANTHINO 1L OPH MOMOILN OII-
THICCKH dKIHBHOTO OHIINOHA, M Okd387T0CH, Y10 IOy e THILIE AHTHIOAbI
Oﬁ»‘[a,_LdIOT HaufoTee CHILHBI MOTERNTHDHEBIM BPANENHON 110 channe-
HHIO ¢ IDYTHMH KOMILTCKCHBIMR  CO TUIHCHHNIT

KOI\IU.-'IEKCH :![‘I‘I..'IL‘]IJHd\IHIITETIWH}E\C}CIIOﬁ KHC 1OTBL 1aKXKe hOTYT
CYIIECTBOBATD B BHIAE ONTHUECKHX ANTHNONOE, H OblIC QCVIIECTB.IEHO
paziencune amnona xoumlifenca Coflll) (5. XXXIV)

0
(=
ol s i

// Co / ) / }U/ : H,C\\

N NH l NH

\--o " NH, ® N,

5 NXXIVa 5 XXXV § 5 XXaVa 3 XXXV 6

Kora KOVILICKCE], B KOTOPELY A10M META 118 PECTG.I0KCH 8 HCITPe

acummelpuy (nanpunmep, [Coen 1+ u gue-|Coen L, 1+, ynousinytee
BLILIE), 0Opa3OBAlILl JHTAH1AVH, KOTOPLIE COMEPIKAT UEITPBl aCHMMET-
PHH, MOryT cDpa3opaThed passniuiiie Anactepeomzosepld. Tak, 1is
AMTEHTa DPOUWACHIHAMMHA (PN) CLNIECIBYKYL O HYCCKHC AHLHIO/IL
(6 XXXV}, B komuerce {Copu,l™™ Lwianasl MOy orpy nnuposalb-
51 BOCEMbIC paribivk cnccobanil [ean uenodbsosdis olosnaienis n
H 1, 9To0h YRKAATL KOIPHTYPALIIG ORTAINHUECRON AYMENKH B LEA0M,
1 oGozHaueHns d 4 1, 94POOLT \ hARATL KO PALHIO VG TER V. ThE TUTAT-
12 (W10 COOIBCICIBYCT CTAHMAPIHON HOMEHLIADY De), TO WOHAHO oXa-
PAKIECPU3OBATD BOCCAB JHACTEPECHIONMENOR CACTVIONIMM  0OPa3oM:

D-[Co (! pgP* 5 1-[Co(f-pr)y]s~

P-[Co (I pn),{d pn)P+ 6. 1-[Co (-pnp, td-pr) P+
7
8

b

B-[Co ({-pn)(d pnl,J* ! 210/ pin) (depr), BT
4. D-[Co (d-pn)s)* - - L [Co (d-pukJ?

M}Ke JABHO HARECTHO, UTH B CHOTEMAN TdKOIo ]'JOJ_[ZI P43, 1HUYHbBIE JHaC-
TepeDH3OMQ]’JbI 06[)8.3},’]0'1‘(:?{ 1€ B QHPCHEJICHTION OHcHIaeMOM COOTHOIE-
HHW, a HATIPOTHR, OTIENHHLe 3 HIX 3aMeTo npeobiatant. Hampusep,
B cueteme [Co (/-pndl** L-kouneke TPHCYTCTBYET B GOILIION #30bLIE-
K@ 110 CPABHENHI0 ¢ D-hoMiiexcoM, i ecd |Co ({-pm),Cl,l+ obpadorars

e

e 8 St Wy,
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d-pui, 10 ckopee moavautes cneck 1-1Co(-pn)st® 1 0-[Co(d-pni,i®T,
a e uoBol Wl UIACTEPECHIOMCPOE  CMENIAHNOTC  KOMILAeKCed
[Co(f-pn), (d-pnp}3+  Crepeocmeunduutor i, WalJioAAeMYID 340Ch H B
ANANOTHUHELY PABHOBECHAX, MOKHCO OOIIL UPH (OAPOOHOM paccMoT-
petny  KOHUrypaikd H Koudopualil JMrangos 1§ OTHOCKHTETBIBIX
BeJHYHH NPOCTPAHC IBCHYBIX 3ATPY ANCIHE, [LOABASIONMXCA B Onpele-
TeHHLIX JHactepeonsonepax 115 61 JefersuTesnio, Gwila \CTaHOBMRE-
Ha aficofioThas wouduiypaims D-|Coid-pn)l®- 1 nokasano, yro ona
HAXOIHTCA B COTTACHY CO CIPY K1Y poit, HaitenHod 1 D 1Cceny|*+ verto-
JIOM dHOMAJALHOH THCTICPCHU POH PFEHOBCKIX JTYUell, YIIOMSHY Thin BplIlE

Fcan atom mMeTanta B KOMILIEKCe (1pelcTaBigeT cobBoH ueHTp acum-
\ETPHH, 3CKrpoHIbe MepeXoasl y Y100 dFaMa GLISHIBAIOT JIBICHAS Ol-
THyecKoil BpawareaLuol micoepend. Owi 03y 13T OOCYHLICHBL B pasi
25.11 u 2512,

3.7, Mpyrue 1anel m3osepiin
P} i

Honusayuornaa w3osepua. COCIHEHNS, KOTOPBIE HMEIOT O HHA-
KOBbL COCTAB, 110 00P&3YIOT B PACFBOPE Pasible HOULI, HA3KIBAIT HOHH-
SAUMOHHBINK  W30vepavyd.  XapakTepnunyg  OpPUMEPaVH  aBASIolCcH
[Co(NILyCLINO, n [Co(NH), € (NOYICI, [Ceen, (NOL)CIISCN,
[Coen, INOJISCNHCT u [Coen, (SCN)CIINO,: PHINH ,CLIBr, ©
[Pt (Nil),Br,ICl,.

Muoraa serpeuacics ocoBLiis C.VHIH, BdC TG HUsbIAACHbHT THAPE 10
H3OMEPHEH, Kdk B Ipex Hsovepaxs C1CH 611,00 noropbic jocTatodr o
10MHO MOXKIG OOHCATE ¢ Teavionnnt odpaone 1 G tHLOVWICT — (o
JCLOBLIE, HE TeRseT Bo 1y TPH Ly LBdins stat LSO, see wonw CFF
HeMeLICHHO ocasastotes notams Ag 20 [CodHLORCHE, - HLO —
Jeaenbdt, epser oIy uateny. Ty HoO npi REacy mmmapmHn Ha i
H,S0,, asa nona CI7 nevemienno  acaxtalorea  wopawn  Agt: 3
1Cr (H,0),CLICH 2H L0 — 3cacnwiii, repser Ase sojeryast H OI'I]JH BLI-
cywmsaniy uag 1,50, omiy uou L= HEMEINCHHO OCAMIAICSH HOHAMM
Ag-. ,[Lono.mme:[bﬁble AOKd3dTCABCIBa CRPUBLIHBOCIH 3THX HOPMy 1
HOJAVUEHT! #3 HAHIBIX N0 HM3MEPEHHIO MOJEBHON 3ACKTDONPOBOINOCTH,
LOIOPHIE FIOKA3LIBAIOT, UTO B FIEPEUHCTEHHON MOPANKE BELIeCTBA npel-
cTaBAMol cofofl 0IMH-TPH-, OIMH-1B2- H OIRE-OAUN-3APAINLIE HIEKTPO-
Juibl, [Ipuvepaud, kKoropsle HATOCTPEPVIOT OJHOBPEMEUNO HOHH3A-
rmomiylo H [MIPAIEVIO  H3OMCDBIO, MOCYT CAYIKHTh  COSTUHeHHSN
1Co (N¥L,), (H,0)CHBr, # 1Co (NH,),Br,iCl H,0

2. Hdmrepu,q ,mcwc(?og. HegoTopsic AHMEHARE MOCYT ) (WCCTBOBATE
B BHAE M30MEPOE M BXOALIb B €0C1aB KOMILICKeoB (CUeNoBaTeblo,
NOCEONILKY CYLIECTEYVIOT Kak I,2-nuanuuonponas (pn), rax u 1,3-gma-
MHHOIIPOIAH [naspiBaeMilfl TakKe TpPHMETHASHIWAMHHOM (tn}, TO
MOTy1 ObIThL H3oMepuw! B Kommiekchl |Co pn) ,CHIC) 1 1Co (in),ClLICI.
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3. Coaesan usomepus. Taxas unsomepus naGhiopaercd IR aurail-
EOB, CTMOCOGHBIX KOOPAHHHPOBATECA Oonce deM ofHum cnocobon. Hau-
foJiee W3BECTHBLIM FPUMEPOM SBAAETCS HIOMEPHST HHTPO- B HHTPHTO-
KOMILAEKCOB,  HaMpumep, [Co(NHg)yNO,|** —  HuTpouzomep H
[Co (NH,),ONO|** — uurpuro-nzovep. THouMaBAT-UOH ABAACICA APY-
FM HW3BECTHBIM CliyyaeM, HanpuMep, B coefuHernax [Pddipy (SCN).)
i [Pddipy (NCS),) 16}, Hsrectuo, wro nexoropble apyrie Jrapibl,
Takue, Kax (NH,),CO n (CH;),S0, koTopeie cuocoGHBL KOOpAKHHPO-
BaTLCA PAsIHYHBIVH aTOMaMH, 05Na3)V 10T JIBa THHA CBA3el, HO pealibHbie
HIOMEPHDIE COEMMIEHUs: A5 HuX e naitedn. CaelyeT CXMIaTb, YTO
TaKHe H3OMEPbl MOTYT CY IIeCTEOBA1L JTHillp JJA HOHOB MeTaqlfloB, obpa-
SYIOIMHY Hepmubie (cn cTp  180) soMimaenchl.

4. Koopdurayuonnas usosepus. B Coe liHEHHAX, B KOTOPBIX KaK
KATHOH, TAK W aHHOI fBASIOTCS KOMICKCHBIMH, Pacnpeiesienue aHraH-
JOB MOMKET MBMEHATHCA MCHKIY HBYMJ KOODAMHAIMOHHBIMH ciepamy,
yTO GYIET BHIBIBATE 00PA30BAHNE H3OMEPOR. JTO MOKHO NPOUAJIOCTPH-
posaTh Ha npumepax: [Co(NH,)Cr{CN)] u [Cr{NH;)ei[Co (CN)gl;

[Co (NHg)g[Cr{CyO4)5] 1 [Cr(NH,)j{Co (C304);); [Cu (NH,),)[PIC,] 1
[PH{NHy) {CuClyy; 1Co(en), | [Cr(C,0,),, {Co {e“);{C201)]lcr{en)(czoa}-z],
{Co{en) (C,O), TCr (en1) ,(C,0,0 1 [Co (Co04), 1 ICr (enjsf.

MSOMEPHH TEKOI'd POfia BOIMOXHA AaXKe B TEX CIyuadX, KOrga olik
H TOT KE MeTa ] COTLPKNICH KaK B KATFOMIe, 18K H B aHWOHE, HanpumMep

ICr INH)GNCH{SCN), ) w JCr{NH), 1SCN; IO INTE), {SCNY, T uan
[PHUNH ) TP CLT n [PUY (NTL) L [BUICH.

5. Hoaumepusatuonnnte u3omepst. ITH COBTUHERNA He ABJAIOTCH H30-
MEpaMK B CTPOFOM CMEIGAC CJIOBA, HO 1LX NPHHATO PACCMATPHBATH C 3T0H
royky 3penna. OHY He TPHHALIENAT K HIOMEPAM, FNOCKOIBLKY DA3TH-
HAKTCA AO MOIEKYNAPIOMY Becy, XOTs o61aJal0T oNHHAKOBLIM IMITH-
pUYeckud coctaBom. [IpHMEpayuM TakuX PREINECTB  SBJSIOTCA:

[P1(NH.),CLl w (PUNH), L PICLI; [Co (NFLY, (NO L),

ICo (NH,)s)lCo(NO,},),  1Co(NH,) (NO,), I1Co (NH.), (NO,), 1,
ICO(NH:s]:,{NO:)]ICO(NHS)‘:(Noz)llzi [CO(N“s}ﬂ]IC“{NH‘s)z(NOz)al]m
[Co (NHy)y (NO 1l [Co(NOy)sl 1 1Co (NHy)s (NOp)l5ICo (NO,)els.

¥CTOHYHRBOCTh KOMITJIEKCHBIX HOHOB B PACTBOPE

5.8. Beepcnne

Korza ropopar o6 ycroftyuBocTH CORRAHENuf, CACK\CT THATEILHO
ONPeASANTh, KaKoH MMEHHO BUA YCTOHUMBOCTH B JAHHOM Clyuae NOA-
pasymeBator. [Ipw u3yueHHH 00pa3CBAHMSA wOOPAHHAUMOHHLIY COSAH-
HEBHHl B pacIBope HeoOXCAHMO OOCYAWTH B3 THOA YCTOHYHMBOCTH, 4

HMEHHO TEePMOZHHAMHUECKYI0O H KHHeTHuecKylo. TepMOLMHAMAUECKasn
YCTOHYMBOCTL BelllecTBA ABIACTCH Mepofl BO3MOMKIOCTH 0O0pA30BaHHA
3TOTO BeILECTBA WAM (PEBPALIeHHs €ro B LPyrHe RELIECTBA [P Olpe-
JeNeHHLX YCNOBHAX, ecAu cucmema docmiiean pasHosecus. KMHeTH-
YECKan yCTONHHBOCTH BEWICCTBA OTIHOCKHTCA K CKOPOCTH, C KOTOPOH MOTYT
NPOACKOJNTS TNPeBpalieBus, BelVHIHC [ JOCTIKEHHI0 PaBHOBECHI.
B 3TOM H HECKOILKMX MOCTEAVIOHIHX DA3ACHAX PACCMOTPHM (POGIEMDI
'DepMO,lHHaMW-IECKOf:I }CTOﬁ‘IHBOC] H, T. & TNPHPOTY YCTEHOBHBINETOCHA
pasyobecust. llpo6iaensl KuieTnku OyayT obcyikaeHBl Ha c1p. 186.

[Ipeanonc:kAM BHaMAE, UTO B PACTBOPE OIHOBPEMEHIG RPHCYTCT-
BYIOT HOH MeTasiia M u Kakod-to mMonofeHTaTHbti aurasd L. Ecaua fo.
OyCTHTH, UTC MPH 3TOM HE 05pa3zyeTcs HHKAKHX HePacTROPHMHIX Tpo-
AYKTOB WJH KaKax-Tu00 BCLUECTB, COLCMIKATHX 60ACe OTHOTO HOHa
MeTan 14, MOKHO OMUCATL COC10AITHE NABHOBCCH A BRIPAKCHUAME CICTY IO
Mero Buia:

A {ML]
M- N by
nobeR i (ML
A
ML Ky
- IMLs]
MLy+ L=ML — sl
ot Mlg Ky ML
— ME A
MiyobL=MLy Ky~ i s

Joamuo 6rite N Tawux papnoBecuil, 11e N ~— MakCHMITLUGE KOOPTH-
DEIKHOHHO0e HHCA0 IIOHS MeTaTTd M 5T anrania ]_, M OMOMKE T MIMOHR ™ 09
B 3aBHCHMOCTH 01 anraunos. Tax, A%+ oopaayer [AICLIT o [Alkgl,
a Co** maer CoCli— u Co{NH,)!' Kar BbICUIHe KOMIICKCH C ) Ka3all-
HEIME JIKTAHTEMA.

Hxyeerca w Apyroifl cnoco6 Bepa:KeHHA COOTHOIEHHA PaBHOBECKI:

M
M-hL=ML b= [T[v. ;1LLI1
ML,
M--20 =ML, B = g..{n{II:‘}z
M
Mt ol
’ MI
MANL=MLy ﬁN:lilﬂltL}"l“
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[ToCcKOTLKY B TAKOH CHCIEViE MOMKET CyMIECTROBATh JUilb V HE3aBUcH
MBIX PABHOBCCHHA, 0YeBMINO u1o K, u f}, T01HIW OHTL B3aHMOCBS
3aHbl 10 COOTHOWeNHe PaKTHUCCKK TOBOThHO Ouennio Pocevorpus
HANPUMCP, BHIDAKENHE "1 Py Y MHOMKEN UACIATE 11 B IHANCHATE 1b 1d
IMEUML, | w saten Cnetka npeodpasien BLipasmene

_[ML,| [MLIML _ [ML] ML ML L
o= LI, =M (ML) (L) (ML) SR K

He Py 4O 3aMe1HTE 910 CO0IHOWETIHE [dKOI O pOld ASHC IBH1EABHO HOUHT
OGHIMH XdpaKILP,  LNETHo
B, AKGA, K, — I &,
|
K, NA3BIBAIOT AOHCIMGHMAMIL CNGRCHNG (1070 000 T°08EHIS (ALl KOTT
CTAHTAMII CTYNEHUAT0H VCTONYHBOCTH) a4 B HAWWLAI0L 10 HOU KoL
oapmed 00pasesaHut {BAM UCIHOW KOUCTARION 4 C10HSMBOCTH)

Bo Bce¥ npHBEAEHHBIX BLILIC BBIPKEHRAX KO K14 1d 3THCBIBA 1
ez Yhazalyd ero 34paid WU CTeUCHH CoMLBaia i {lepBoe yaporLc
HHE OUERH LHO, 1I¢ HMeel HIKAhGI O 2HaW HHS ¢ hd¥ paBIOBEC! §
MOMSHO 3aIHLATL 1AK XKE, $dk H DAHBIIC, BRE AT IICHACCIH O Rl THYHS
3apfiia CrpaBeTiMBO TAIKE, YTO ¢ PABROBLLHSIN NMOKIIO OLEPIPOBd 1b
03 yuerd Kanol0-A100 A0 ONPEIe IeHHOTO OMUCATIHST CO.1bBATAUHIT
HORUB, 110 TEM HE \MeHCC "0t TLITCe CO0DDACIHE (TMLET 3HAUeHUS, H
HOITOMY THELKOTBRO ©IE TeU LS ¢ 103 TTOM TINCCY MMHPOBATEL GCIEOK-
HbIC AKTLI KA HOIMCC 1ol 1€ 1 [43] I UPOBaliMEIX [IOHOB

5.9. Coctomune HOHOB 1B ROIMUEBIN PAC FEOPAN

M3pecinio, 4to HOHBL B PAaLTIBOpE R3aUMO [CHCTBAIOT C MOTEKY, TdMH
pacTBOPHIESH U B ONPETIEACHHOM (NMBICTE eOPAIVIOT © HHVN (BI3K  JH-
TabIHI NEPEXO{d HOHOB KETA LTOB 113 { d3000Pd 3HOTO COCTONHHS B PacT-
BOP MOMHO BEMIUCTHTEL IPH DACCMOTPETILE TEPMOTT LaMBUSL hAX TIVK 10D
A ACT\YE {HLIC TPH 10V 3HQUelMH  Juns K1 10— O rait wow {cu
Tabt1 2 3) NOKaplBAIoT Y10 BIANMOLHCTBHC Y NunHy TOFO pola teHcr
BhTEJ! KO QUEHH BETIKO ¥ UHTHBAH BAMIOUIL NOHUMAIH NOBERCHIIS
HOHOB B BOINBIN PACTBOPAY TEGOXOLAVO 3HATH, KAKAM 0GPA3onM Godh
I0E YHCTO MOJCKY T BOABI O0PA3}CT C KAMULIM K3 5THX HOHOB 1IPSMY 10
MeTALT-KHCIOPOANY 10 (Bask  JIpyramu  toBamK, ecau ipebyeris pac
CMOTPETT  HOH, KOIODIIf  [PeICTas 18eT  (0f0fl  dKBO-KOMI 18k
[M(H.0, 1", BI0BabCK o IbBATHPOBAHIILIM  0CTETY IOIUANH  LIOHNY
U3 VEHee [IPOUIO CBAIAMILIY MOJERY 1 BOAH 10 HeOGMOIKMC 3HAlB, Ko
KOBO KOOPIWHAUNHOHHOE UHCTO, A TAKMKE 1 ITPOLTPAHCTECHIIOE PALTON0-
AKCHHE ITHX % MO €KY BOLBl BOKPAT KHOla Meldmia K.1d(CHYeCKHE A3
DCHMST, HATIPHMCP K3MEDPCHHS NOTBIDRITOLI A HOHOR K K\IHHNLSI paTy
COB THApAlEPOBANALIX HOHOR, sHTPDOMHH [UANATALUM H T 1 1€ TdioT

L

ROORNIHAITWQHHEIE LOE UAHT B

TETaNHHOR HHPOPMAIEHA TAKOIO PONA 1dK KAK OHH 1ie 0OBACHHIOL pas
THHMEE MO 1y MOJEEY 1aMH BOTEL (BH 2ABENBINK HENUCPeTCTBEHHO ¢ aT0-
MOM METdTId {TEMH \ MOTeK\ TdMH KOTOpEIe HAVOTAICH BO BH) TpeHHCH
cdepe) ¥ TEMH MOJEKYJAVH BOAbE ROTOPEBIE AOHOTHHICTHHO OKPYMAIOT
KOMTITERC H CBA3ARHL MEHCE MPOMIIL BOTOPO IHBIMH CBA3SIMH C MOJEKY -
Jdav{ BOTW BHyIpeltilen Koopamnanuonuor (depel Tew 1e veiee Cv-
MECIBYIO! CHOLOOLI 1O 1V UATL OTRE B 2101 BOIPOC, BO MHOIHY € 1j¥asy
DA3HBIMK TIPHEMANH  OCHUMsdHE} VMY GOTBIIeN UACTH0 HA COBPEMCHHBIX
ME10TdX QHANKO XHMAYCCHOTG dHA 1il3d  PAcCMoipin HELKObhO Xa-
PAKTCPHBIY TIPHMEPOB

1% uOUOB TeDeNOiHblY VETANI0B (leKTpanbiibie #, B Meubilleu
CTEMEeNH, MATHWIHLIE CBOHCIBA 34AHCHI O (TPOSHHA W CHMMEIDHH HY
BIHKAKIIE] O OKPY KEHHA Y TOOHBIL [ 15t TPHMEPSA, HO B 3HAYHIC.ILHOH
Mepe He BIIOJMHe THHRUGHLHM ¢ 13UaN NPCICTaB 1steT cofon uow Coll, nan
KOTOPOTO HABOLTHO 410 GH O0DA3YL1 haK OkTa PHUCCLhUe, Takh H TeTpd-
PTPHYCCHUL RO TehChl 1105103y MOKIIO UPEANO I0KUTE YTO €50 2KBO-
HOH MUMCT ObTh THOO0 nonHeM |CoTH,0) ]%+ ¢ oxrasapiieckoit cuvuver-
pHen, 160 gonow [Cofll O, 1% ¢ Te1pas1pHueckon CHMME pHeU

YeTanowaein 4io CIEKTRB R val HHTHBIE CBOHCTBA PO30BBLY pdL I ROPOB
coteti Co!' ¢ nekeOPARHUPOBARKBIMY HORAVH 110100upvH ClIOT umi
NO, oyeno €iKM3kH (EOHCIBAM OKTasTpHYECKIsy homitekcoB Lo !
BOOBHIE W B CYyINNCUIM HASHTHUHBLI  (BOMCTBAM  TaKHX  1H1paTH
popankbix  conelt, kah  Co(C10)), 611,0 wmax CoSO; 711 O n
KOIOPBIX OKTAsAPHUEChOE CTPOEHNHE ¢ OMPele 1RHHOCTEIO 10k 1210 Nl
MIOMOMH PEHTIEHOCTPY RTY PHLIA  HCLIeRoBaTHi

B AONOTHEHHE K STOMU H3BOUTIO  UTO CENTPATEHIIL H WAL 118
CBOTICINT I T H3BCCTHM Y JLTRAIPANSL v 1 ani 1eReoBLnll o ww
Heix [T, 2 [f obdy,|? [CanNCS B o [fmpinm Cot ||
007 4 LAICLUH Y HT TRICHBION ¢ 16l 04 CelECH HTEL DY 0 PO OF [1c 1 e
COBEPIICIIO G TNUITE O1 1€% e NaDJdhIEPHCIFR 114 1 0T itk un Cob!
B BOLIBY pacipo] a%  TakHy o0paiou e.Ba JH \OAdO COMHUBJIRCSH B
TOM  UTO BOdHbl. DAcTBOPLE coden Col' upodr ViGCeCTBENNo  cotep-
MaT Gpu0 oxTasaApiticckue ponw [Co (1,0),1*+  ectectrenno rivipary
MOBalitibie M CBepX sTorc ™ JLokasare 16(TBa NONOGHOTO PORE MOXKNO [0
JVUNTh H L5 NHOLAN YUY HOHOB NepexcilbiX MeTan 108 (QueBHaHo,
QA5 BLEN v\ 1 IPEXTIOTOKHICIBII) 3APAKEHHLIX HOHOB MEDPBOIO
PHTA TIEPEXNOIHBIY MCTATTOB B BOLULIX PACIBOPAR dKBO-AOHBL CYUILCT-
BVIOT B DI oKTasapuueckiy novmtekcop |M(H,0),0* '™ ' wecmorps
Ha To w10 a1a Cr! Mn™ p Cu'! uaBecTno CNpeResenioe HCKdMeHHe
OKT33 |PHYECKON KoH(Urypduud BaIetcTBue spderra flHe — Teanepa
(cM a3z 26 6) JlaHHBE O TRIPATHPOBAILINK HOHAX BIGPOLO K 1peThE-
FO pPSAOE MEpPevOIHBIN 3TeVelTOR JOBOMLHO OFPAHHUCHHDL, B TOMY 2Ke

* () IMIKO Hveeifis K #e0oad wae 4aLTs TeTpasdpine gux wonor [Co(H Oy, +

[i7]
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FrMABA B

OHH HE Cronb onpedenelinsl. Bo3MokKI0, 410 KOOPAHRALHA BO MHOrMX
CAYHasX OKTa3APHYECKan, XOTA BO3MOKilbl # DOMEE BEICOXHE KOODEHHA-
LIHOHHbIE YHCTA.

MAasi BOHOB, KOTOPbIE He 06.13JA10T YACTHYHG 3ANOMHEHHBIM d-nony-
POBHEM, YIOMSHYTble 10Ka3aTeIbCTBA HEAOCTATOUHLI, NOCKONLKY TaKhe
HOHILI HE HMEWT COEKTPANBHBIN HAM MArHMTHEIX X4DaKTEPUCTHK, He-
HOCPEICTBEHHO CBAZAHHBIX C XAPAKTEPOM HX KOODIAHHAUHOHIBIX cep.
[Toatomy HeT nONHOH YBEPEHHOCTH OTHOCHTENLHO COCTOSHHS ralipara-
Ui GOJBWMICTREA STHX KOHOB, XOTH B HACTOsLLEE BpeMA MeTofbl SIMP
W APYTHE DA3HOBHAIIOCTH PLAAKCALlMONIION FCXIHKH NO3BONHIOT MOAY-
HHTB HEKOTOPYIO MU(opManuio nolofHoio poxa. Chenyer OTMETHTD,
UTO, JlaKe €C.1H CYIIeCIBOBAIIUE YCTRO QUPENEICHHEIX TH{PDATHIORAHKEIX
HOHOB 0KA3a110, BCE e C} MECIBYIOT 3HANUTE, IbHbIE PA3. 14t B cpetded
IDOTOIKHATEAEHOCTH pr‘ﬁbIB&HHH MOJACKY Tl BOILI B KOOP;LHH&LI,HDI{HOf‘I
cepe, B 18K HasblBaeMOM CpeAiiem Bpemenu mpeSuipanns. Mas CriMl
# Rh''! aro Bpemst nacroapko Beauxo, 4To npH CMeWWBAHUM pacTso-
pos [Cr(H,0)sl* B oberunofi Botte ¢ Bouoit, oSorawennoil 10, Heos-
XONHMO JNIATETbROE BRIAEDIKHBAHHUE, YTOSHl YCTAHOBIIOCH PABHOBECHE
BOJE! pac1BopuTes, ciorate ol B3oTonoM, ¢ BoAoH KOOpAUHAIHOHHOH
chepur. Ms namepennit upena moaekys H,0 B pactsopax Crill g RhuL
HECMOCOGHEIX K HeMeICHHOMY OGMeHY ¢ J00aB.IeHHO 060TaICHIGH BO-
Mo, GbIO0 HABAEHD, YTO KOODIMHAUMOHHBIE YHCAA 3THX HOHOB 110 OT-
HOLICHHIO K MOJeKYJIaM BOIb paBHEl 6. ONHAKO 3TH Cayuak ABAAIOT-
CA HCKIKIEHEHNHE. BO.'lbL[[HIICTBD APYTHAX  THADATHPOBAHHBIX HO-
HOB 3HaYUATETLHO G0 iee HOIBHMRIILI, H HO,TLUGHGG DAGHOBECHR M CTaHAaB-
JHABAEICST HACIOALKO OblCTPO, HACKOMLKO 310 TOIBOASET OIPeNeIHT
CaM METOR usvepenuil. Ira upofiema YatTIBIX CKODGCTeH SRJsteTcs
JHUb OJHOH 13 HEKO10PHIX 1PpofiaeM, Ro10phie ByyT 6oaee NOIHO pac-
cMoTpennl B pasid. b.14.

Bee rappatuporaniple nousl B G0AbWeH WIH MEHbIRH CTENEHH 06-
JANA0T KACALIM XAaP3KICPOM, T. €. OHK IHCCOLMUPYIOT 110 CXChe, NpuBe-

DeHHOH  HUKC:
H.O — H — 11 7 I’II-—“ M([-['J()}\._I(O] I}I
hs [ _F1 3 i +
IM(H O, EMIL,0), (O m-1 LY ]\\_.-——--_—_EIM( 20__)(] .

374 KUCIOTHOCIe H3MEHSEICH B IHPOKAX NPCICAas, KaK NOKA3bIBAIOT
GIeAyiolne sHauenus K

M B [M(H,O)|"*+ Ka
Al 1,12.10-5
Critl 1,26 16-1
Feili 6,3 .10-3

KoopARHUPOBAKITEIE MOREKYJEI BOABl B APYTHX KOMIIEKCAX TaKike
AHCCOIHHPOBAHIL AHANOTHYHBIM OGPasoM, HanmpuMep:

[Co(NHg)y(H,0)P* = [Co(NH,),(OH) 2+ + H +

K = 10-37
{PH(NH3)y(H,O)p 14+~ =[PH{NH;),(H,OOH}B+ -t H+ K =

10-2

= S

[
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5.10. «CGryuenuaToe» o0GPA30BANHC KOMILIEKCOB

Moo onucate PAZbl KOHCTANT CTyieHYaToro ofpasosanust K.
[pyu aTon mpennotarator, 4To Bee KoMmmiaexesl 8 psagy ML... ML, mo-
FYT CYIWECTBOBATH B CHCTEME ONHGRPEMEIHO, HX COOTHOLIEHHS, eCTeCT-
BeHHo, 3aBucAT oT Komuenrpauuit (M| u |L| n ot OTHOCH[eILHBIX 3Ha-
yenuil K,. JIHIIb 38 HEMIOTHMH HCRAWYSHHAME 419 KaKOH-Hgéynb
YACTHOH CHCTEMBl, OHA DBOOONIE OOpazyIOL MelIeNTHO YOBIBAIOWME Pl
3Havennii. ITO MOMHO l'llDOH.,u]J]IOCTpHpOBéin ADFHHLINH * AJisT CH(ET{?{&[H
Cd!'——NH.,, y KoTopoit Turanf iie umeer 3apsila, § 117 cucremsl Cdil—
CN™, rie iurasn sapsker:

Cd2+ - NHg =[CA(NH )}z * K =102
{CA{NH )2 * -+ NH; =[Cd(NH pJtF  K=10%1
[CA(NH), 2" - NH, =[CA(NI1), 2+ K = 10143

[CAINH ), -+ NHy = [CA(NH 1, |4 K= 10093 (B, — 10772)
Cd¢r +CN- = [Cd(CN}] K — 105 43
[CACN}}+ + CN = —|CHCNY,] K= 10812
[CA(CN),] 4+ CN= — [CA(CN), | = K= 1086

[CACN )5~ +CN— = [CHTN}, o= K= 10493 (By = 101%¥)

Takuum ofipaszon, ecnu JAHIAHT Todanjen K pacTBopy HOHE MeTaddaa,
1o nepobie Gopmbl ML oSpasylorest GbicTpee, YeM KakHe-anbo apyrue
u3 3THX pagoB. Ecnu Aobaprenune aarania NpofoAKaeTcs, TO Gmcipo
poapacraer kowsentpauua ML,, B To Bpemst Kak Koauewrpauns ML
najaer, satem cradosutcst pecdaagalomnm MLg, npu stom ML, u
MI. cTaHOBS ICH MeHee BAXKHBIMH, H TAK NPOAOTHILTCH 10 1CX 0P, [1UK
He obpasyercst Beicuil Kommaeke ML, npr ycioBur MOUTH NOThOTO
O1CYTCTRESE RCEX OCHANLHLIY KOMILICKCOE H OQUETHL BLICOKOIT LOHICIITP -
U.HP; JHTAERTA. Mz konrciagT U(’Jpa’soaamm ROMILICKCOR, JIPHBSASHHIIX
Bomie 45 cucienitt Cd —CN, WoARD I0TVHRIE [Paduing »14 « COOTHO-
JUENMHA, KakK Ha DHc. o.l

CJ'IEIL}’ET OKHIaTh, UTO CHCTEM31HYCCROC YielhOIeHKHe JHAaUCHHA Kr
¢ BO3pacTatine™M i oKasbipaeT, UTo CVHECTBYIOT JNHIIL HE3IaMHTEIb-
HEIC H3MEHEHHS B 3HEDIAAX CBASH MeTail — JHIAHJ KaK QYIKUMH OT
{, uro ofbluHo jeficTeurenbHc W HaOmogaercs. Hanpumep, b cHcTeve
Ni* —NII,, kotopas GyHCT paccMOTpena Hixe, BCC 3HTAJLINK NOocTe-
goateiblinix  peakimit Ni{NHg),_+NH;=Ni (NH,}, aexar B npe-
aenax 4,0—4,3 kraa/Mo.b.

CyliceTByeT pai onipeleelltLiX MPHUMH CHCTEMATHUECKOFO YMEHb-
niesTis 3HaYeHHi K, 1o Mepe BO3pactauus 4HCHA JHrasnoB: 1) cratuc-
THYECKHe (GuKTOPLI; 2) BO3pacTaHHe NPOCTPAHCTBEHHLIX 3aTPYAHEHUH
HPH VBEJAMNEHHM 4YACTA JUTAHNOB, CCAH OHE 0G1azgaor GOMbIHMY pas-
MepaxH, YeM 3amemaemble MOJeKYb! BoAbl; 3) PAaKTOPEL 3JeKTPOCTaTH-

* Kouctantst ceetemh Cd—NI1, onpenenennt 8 2 M pacteope NI[ZNGy; koucTas-
T cHeTewn Cd—CN™ onpesesens 5 3 M NaCiO,.
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HQEeCKOTo Bsam-ioueﬁcrm-m, ITABHBIR O(’)DBBOM A8 KOMIWVIEKCOR ¢ 3aps-
Kennbm sTarangami. Cratieruyeckne Gakrophl MOMHO PACCMOTPETH
caeyIonnn 06pasos. lpelionoxny (o HouTH onpeeaesHo s cnyuae
Ni%**}, 4T0 KOOPJAHHAUHONBOE YHCAO OCTACTCA HEH3MCHHBIM BO Beell ce-
putt [M (H Ol TM gI—i‘_,O)N_ wLat IML,l Hacrnna [M{H,0),._ 1,1
aneeT o IMOJMOMCHHHE, 13 KOTOPBIX  MOMET OTISTHTRCH .I'IHE‘BHLL, B
10 Bpems kKak uactiua [M(H,O)y_,.,L,_4] obnapaer |N-—n-+1)

log ICH"1

2 &

Puc. 5.4, Kpuswe cogepkanust pasnnmx sonntercor [CAON} 2=+ gak dwnk-

4
- . SN
LMK KOREEHTRann anranaa,= |CdiCN) |/ ofimee konuecTro Ltl,}_ﬂr.‘zz[Cd(CN}r]_
=t

AOAOWKEITHAMH, B KOTOPLIE MHTAIT MOMET BCTYMHTE. TakuM ofpazom,
OTHOUMTEALIAT BepUATHOCTE  nepexots or  [IMIH.O o L.yl &
M {110}y _ o L. | nponopusonaisna (N——n 1)1 AHa10r4n0 oTHOCH-
TedibHan BepogiiocTh nepexoia ot [MHO)_ Lot v IM{,0),._,
L., I nponopuuoradnua (N—n)/ {n4-1). Caeaosaresb00, HA OCHOBaHHH
TOJLKO 2THX CTATHCTHUECKHX pACCYHIACHUI FOTyYaeM
’ - (N—m) (N —n=1) niN —n
-'l\r:-!—l'!Kn:( -be} : = iy )
7 -- 1) n (-1 (N —n+1)
Has crctevm Ni*t—NIL, e ¥ —0, cpaBHHM 3KCIHCPUMCHTAILHLIR
SHAMEHAR MOCTeI0BATEIRITRY KONCTAUT €O 3HAYENIME, BRIUHCTEHHBIMA
no IPUBEICHBO Bollile hopyyite, (rabi. 5.3). IKCUePHNENTATLHEE OT-

Tafianua 5.3

DHRENCPANCNTATR D CraTHoTUHe S KT

Ry, .98 0,417
KK, 0,31 0,533
KK, 0,09 0.562
KiK. 0,36 0.533
K /Ks 0.9 0.417
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HOWCHKA NOCIeI0BaTCTLI0 MCHELLIE, FICM 3HAUSHHS, LIONYVYEHHBIE CTa-
THCTHHECKTM DACUeTOM. JTO NOINWKEIIHE THINHYIC H (10KA3LIBAET, 'O
BamIbl H JpVrue haxTophl.

HMaBecrin Cavuak, KOTAA OTHOMeHHA QKCHEPH]\'IGi-ITaJ'IbeIX EQHCTEHT
He OCTAIOTCH HOCTOSHHBIMH AN MOHOTOHHO WIMEITSTIOIMHMHCA — HEKOTO-
phle U3 HHX HeoOLYAfTHO BETHRA AN MATE. JT10 0OBACHAIOT ONpeIencH-
HBIMH IPHYMiaMIT: 1) Pe3sxiy WIVEHEHHEeN KOOPiMHALAOHHOTO YRCAA 1

IHOPHAHBELNHE  HA NEKOTOPLIX CTAAn#N  0Gpasopalisd  KOMILICKCOB;
2) cleihuuec KM IPOCTaRCTBEN LM BANS HREM, KOTOPOE TIPOABIIAETCS
NRilib HA ONPEACIEHHOH CTY IeHH KOOPAHNAUMH, ¥ 3) PE3KHM H3MEHeHHEM
JAEKTPOHHON CTPYKTYPH HOHA METANAA Ha onpeJesieHHON CTARNM KOM-
naekcoofpasoBanus. JIPOMATIOCTPUPYeM KaXKAbIH H3 3THX (PaKTOPOB.

3nauenus K,/K, anoMAIBHO HU2KI L44 FAIOTCHO-KOMILITEKCOR PTYTH
(11); momeryab Hg X, Anfiefinbl, & TO DPEs KAK HOHDI [HgX,I*" nmeror
TeTpasApueckyio CTPYKTYPY. [To-Buanvonmy, npu nepexone o1 HEX,x
[HaX,|™ padaogsotes uaveneHss o1 sp- X sp-radpuinsanen. Orno-
mrenid K, K, aH0MAILIO Madbl A5 ITHACHAHAMMHOBRIX KOMMNJIGKCOB
Zn'l, ¥ MoaaraioT, UTO 3TO CBSIAHO ¢ H3MCHEeHHeM Sp°-THODHIH3aLuM
RO sp*d®-coCTOSIRMSL, CCAM TPEANOACKHTEL, uto |Znen,|* wumeer TeTpa-
sapuuecioe crpoeime. Jlam cuerensl Ag- —NH; anavenme K,=>K,
VKA3BIBACT, 4TO NuHeHHas sp-rUGpUAias CrpyKTypa, BeDOATHO, CBH-
zana ¢ 1Ag(NHLIT-, 1o ne ¢ [Ag{NH,) (H,0)yp sl -KOMIIEKCOM,

SRV

MEOTHe HOHBL VETATI0B, ECTopue o0pasyior Tpne-2 2 - TUnHpu s b
HEIe KOMTLAEKCHI, 1aloT ¢ 6.6 -anvern1-2,2 -munupuanaod (5 XX XVI)
THIHB DHE- WKW MOHOKOMIEIEECH, HaH B HEKOTOPBIY CayHaax ROOOULE HE
VJaeTcsi BLUICHHTD HHKAKHX KOWIIEKCOB. JTO CBH3aN0 ¢ NPOCTPAHCT-
BEHHLIMU 3aTpYAHeHHsiMH, COYCIOBJSHHLIMU METHIBLHBIMU IPyNIiany
B APVTHMH JHFAHARMHN, CBH3AMHBIMH ¢ MOHOM.

B paay wovmaercos Fe'l ¢ 1,10-desanrponurom (a Takme ¢ 2,2°-
aummpuanaoy) K Goanwe, wem K,. J10 BHIZBAHO TEM, YTO TPHC-KOMII-
JCKCH NHaMarHuTinsl (1. €. Houbl kenesa(ll) MMelT HUZKOCNHIIOBOR
COCTOStHME ¥ 7f}, B TO BPCM# KaK B MOHO- 1 OHC-KOMILIEKCAX, KaK W B
FHAPATUPOBANHON HOINIe, HMMCETCH UCTbipe HeCHADEHHBIX 3JCKTPOHE.
1o HIMEHeHWE ACKTPOINIOrO COCTOSTHHS OT (3,67 K i BblsblBacT
A3MEHEHHe 3IHTAJLIHH HpPH 1o0aBjendHd TpeTherc JHTanila, Kortopoe
ABIACICH AHOMA/LIO BLICOKHM, MOCKOABKY €,-3/CKTPOULL Paspbix-
aAfIomHe,

* OfU3HAUEINA Ly, fogey OUMCIHBL B NI 26, 4. 3.
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5.11. Xcaarunii sdwpert

D10T TepMMH OTHOCHTCH K TOBBINIEHHON YCTOHYHBOCTH KOMILIEKC-
HEIX CHCTEM, COAEPKAIMHX ORHO (MJIH GoNee) BHYTPUKOMINICKCHOE KO/Tb-
10, fIO CPaBHEHHIO C YCTOHWHBOCTLIO CHCTEMBI, KOTOPAst CTPYKTYPHO
CXOAHA, KO He COIEPXKHT BIYTPHEOMNAGKCHHX LHKIOB.

Hanpmﬂep, PAacCMOTPBM KOHCTAHTHEL DABHOBECHS NI CIENYIOI KX
TPeX CHCTCM KOMILTEKCOR HHKEds € AMBRHANH:

N 4+ 2NH, =[NyNH), %+ log f = 5,00

N2 4ANH; = NN 2+ log p=7,87

Ni-t —6NHy— NN, |2+ log p =8,61

N2+ en—{Nwenp- log p=7,51

MNi2m - 2en={[Nyer,}?! log f==13,86

Nig~ +-3en={Nien,]? + log p==18,28

N2+ + (H,NCH,CH,),NCH,CH,N(CH ;CH,NH,), = xounneke log f=19.3

O6uwire KOHMCTAUTL CTORYKBOCTH NS 00Pa3soBanusd KOMIIEKCOB ¢
uecToio Ni—N-cBaasiau, pasyete 8,6, 18,3 u 19,3 cooTsercreenno, no-
Ka3biBAIOT, UTO O0pasoBalHe BHYTPHEOMILIEKCHBIX TEKJIOB OKA3biBAeT
3HAUUTENBIOE CTaOHIKR3HPYIOLIee BAMSHHE, KOTOPOE PacTeT C BO3PacTa-
HHEM UHCHa NAKJACB. CleyeT OTMETHTE, OTHAKE, 4TO Y4CTh 3UAYATEIL-
IOro yBesHueHHs ctabunprocTH npu mepexoie ot [Ni(NH,) 1%+ k
INteng[*t ofycnosrena ofpasonanuen Goace npounbix cpasell Ni—N
C a..‘lHqJEiTHT-ICCKHMH AMHLEANME, UTO L"Oibir’lC}CTCH C IPHAMBINIT KanmopHMeT-
pH’-ICCKl/IMH H3MEPenHaMil aHTa :IHN pL‘EiKLUrII‘i!

yCTaHOBﬂeIIO TAKXE, UTO HHIHLICHHBE BIIVTPHROMINICKCHBIE LIHEIbE
SHAYHTENBNIO YCTOHYHUBEE, UEM CONOCTABHMELIE LICCIHUIRHHEIE KOMBUA,
NPH }CIOBHH, 4TO HCT HHKAKOrO CHEHHGHUSCKOro BAHAHHUS DE3olanca,
Kak TOKA3aHO, HAUPHMEp, TaulBIMM i xoummaexcos Cuf! ¢ en,
H,N{CH,),NH, u tn, H,N({CH,)};NH,

Cu?t 4en —fCuenj+ tog f = 10,72
Cutr + Zen =[Cuen, ¢t log i 20,03
Cuz* +tn =[Cutn}é+ log f— 9,98
Cu2* 42t =[Cutn, |2 log B=17,17

IO NOWHKEHNe YCTOHUMBOCTH C BO3PACTaHHEM paznepa Koakla Nof-
TBEPKAALTCA H TEM, UT0 H3BECTHO JHIIb HeHONLIIOE YKHCAO KOMITIEKCOB
¢ CEMHYICHHBIMH KOMBbUAME, 4 KOMILIEKChHE C €llle BOJBLIHM YHCIOM KO-
Jel, He H3BeCTHbE

Urobui npasuibHO TOHATH XeNaTHs(H 3(dekT, 1eo0XONHMC pac-
cmoTpeTs Gojee MoAPOCHO TEpPMOAMHAMHUYMECKHA CMBLICT KOHCTAaHT yc-
TOH4ABOCTH. BO-NepBRIX, OTMETHM, 4TO KOHCTAUTA DABHOBECHS CHYIKHT
MepoH CTaHAapTIOH CBODOMHOII SHEPrHH peakuyH, T. e.

AFy=—RTInK
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CyiectByeT Takke CIeIyiollee COOTHOMICHHE MEXAY H3MEHEHREN CBO-
GONHON SHEPTUM ¥ M3MEHEHHAME SHTANbIHH M SHTPOHHH:

AF!): AHO‘——;"{.{\SO

ClleNOBATC,IBHO, YBEIHYENHC KOIC1aHTE PABIOBECHA MOXKET NPOHSONTH
Kak BCJAeicTRHe toro, ro AH® cTaHoputes Gojee OTPHLATENbIIbM, TaK
W BCJCICTEHE TOro, yTo AS? cranceurcsa Golee NMONOMUTEALHLIM, HIIH
GRiTE peayJbTatoM JefictBua odoux darTopos N

Tlpu OOpa30BAHKH KOMIITEKCA OCHOBUOH BRA3A BHOCKTCHA ,
rAasHbM OOPA30M 33 CUET PAIKYIST B IHEPTUAX PA3PHBAIOMIMICA CBA-
apfi MeTals — KHCA0POA 4 oDpasyIOIHXCA HOBLIX CBj3EH MeTall —
ANFaBA. DKCNepHMEHTATbHBIM HCCTEAOBAHHEM H3IMEUEHUR 3NTATbLIMK
sl PA3NHUALIX peaKuni, MPHBETE 1HLIX BhILE, TAK KE KaK H A4 GoME-
LIOTG UMCAa APYrHX, GbUIO NOKA3AHO, HTO PasiIWune SNTLILIAE MEKALY
BHYTPHKOMILIEKCHLNH ¥ O LUHEIMH CIICTC 13MA  HETB3A  TPHIACATL
pooSie ToAbko (hhexT, 05pasoranuA IHKAO0I. (_JJ'E(:‘,TIOI?:’ETEIIBHUI, Xenar-
Hpii 50GeKT TOMKEH Gbill TIABULIM 00PII0M JHTPONHHIIEIM spperTonm,
¥ B3 HAMCPEHHLIX 3HAUEHH KOHCTAHT PaBIOBECHN H HTANLIHA MOMKIO
BLIGHCAMTL 3Hagennd ASY. OSmui BHIBON, KAk M CTELOBATO OXU1ATE,
aKIHOUACTCS B TOM, YTO YBE THUCHHIO UHC.1A XeNATHLIX CBA3EH coorseT-
CTBYCT BO3PacTaollee MOAOKHTRALIOE SHAUCHHC AS? npu ofpasosa-
HHH KOMMJIEKCOB.

Mduspueckye NPHUAHLT GIArONPUATHOTO BIHAUMA SHTPOIHH Deak-
nufi ofpasopanis  BIYTPHKOMIIERCHREIX CHCTEM HETPYANO OUEHWTH
kayecTpepno, UTobbi 310 CHeaath, CNEAYET Y4eCTh, 4TO €CIH drOMLl
NUrAHAA BPOHHKA! B KOOPAHHAUNONHYO CepY, MOAEKYTH BObL (IPH
370M Hen3Bemuo BolTecHsnoTed. Takum o0pazoM, OTHOH M3 COCTABAIO-
DX BOIPACTAHNA 2HIPOTIHH MTH HC\TOPATOUENHOCTH CHCICMLL SBIA-
CTCS }BEJ!HT-IE'HKE' uieaa cBODOANBIY MOTERY ’Eah, 13 HE“&(_‘JJIEHHOH CH-
Crene KamIaa bMOIShYy 14 DOMLb 2AMEILASTSST OAHOH MOJACKY IO u'l}il‘BI’ILlEl,
1 o0lee Yucao MOTCRY T B CUCTEAME OCTaeTCsl HEeHWMCHHTBIM ﬂpn uoha-
30BAHEK BH)TPHKOMIICKCHBIX COENHHENNH Oflfa MONCKYTd Jhraiia
saMemnaeT xse Had Gopliee YHCIC MOJARKYS BOIH, TK HTO CyMMapHOe
GHCTO HEe3ABMCHMbIX Monekyn sospacraer. [Lpyrof, 6oace HarnsIHLIA
crocol paccmoTpernA 3Toi nPOGAEMBI 3aKI104ALTCS B TOM, yToGB! npei-
CTABHTH Xeaalllbiil NWFaHj ORHAM KOHUOM CBASAHHEIM C MCTAJLIOM.
Toria Opyrofi ero KOHel He MOMCT YHTH CHHIIKOM AAJEKO B CTOPOHY H
BEPOSTHOCTS TOTO, UTO 01 Oy/IeT CBA3AM C ATOMOM MCTAJ/1a, BhIIE, UeM
ecnp Obi APYTOi KOHELL OKa3aicd 3aMeHellbiM HE3aBHCUMOH MOICK YO,
KoTopas poqskla Ouaa Obl, CIeOBATAILHO, roTpeGoBath AR cebs 3Ha-
YMTeNBHO MHOTO HOMbILEero ofhevia pacTBopa. Taroil HORXOR MO3BOAET
OBBACHHTE VMEHBLIEHHE XenaThoro s@ieKTa ¢ BospacTdHHEM pasMepon
kospia., Ediy KoALlo, KOTOpoe A0MMHO 06pas’oparhcs, AOCTATOUHO
Goabiuoe (ceMuyaeHHOe HIH elle HOMbLIC), TO §0/ee BEPOATHO, UTO APy«
rofl KOHEIl MONeKyJ LI AHTaiaa, cnocobnod ¥ o0GpasoBapHi0 KOABUA,
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OyieT B3aMMOIefiCTEOBATL CO BTOPBLIM ATOMOM META1da, a He noj AT
K (I€PBOMY aTOMY W 3aMKHET IHKJ.

MuTepechry, 5O BiOJNE NOHATHRIM HCKIIONONTHOM B paccymitet iy,
{IPOBEICHHOM  BBILIE, siBASeTca Hou Agl, nas Koroporo xapakrepho
KOOPIMHALKOHHOE YUCIO 2 B AMMHHBIX JHFAIIAX © ABYMS CBSIZAMM
Ag — aurann, pacnosoxkerHuME 10 ool ocH. fList maTA- 1 (LICCTHYIEH-
HEIX KOJIe{L TpefoBakue, 4TOOK OAMH W3 YLIOB Gbl1 pasen 180, Hepwl-
MOJAHAMO, & AAH UHKJIOB, JOCTATOUIIO GOMLIIMX, 4YTOBL 3AMKHYTHCH
BONPeRH HAMKHUHIO OTHOTO U3 YII0B 18()7, BEPOATHOCTD JAMLIKZHHS KO L
114 CTAHOBUTCH HENZMCPHMO MATON HE3EBHCHMO OT BelduMHbl YIVIOB.
[ostomy anamiel koopawsupoBanusid won Ag' e obpa3yer BHYTpH-
KOMUICKCHLIN coeusenii, Oano CyImeeTsyior nexoTophle JHIaH b,
nojfobHble Judocdnran, KoTopue oopaty T TEFPAXTNHUCCKHIT KOMILICKC
¢ Agl, ¥ B 3TOM CaVaae, CCTECTREHHO, BHVTRHROMITE KCHELR L KIBL MOTYT
OKa34TECH YCTORUHBRIMMU,

KHHETHEA W MEXAIIN3M PEARINHKE
C ROMILLTERCHBIMH HOHAMM

5.12. Beejicane

HsBecThet wiorie peaxiinn ¢ yuacTiew xowmaecos, MPH KOTOPHIX
H3MEHACTCH COCTAE KOOPIIHAUNONHOH cdepul. B 3Ty KaTeroplivy BK/IO-
HAIOT W TAKHE PEUKUI, B KOTOPLIX MPOUCXOTIT 00Pa3OBAHIE KOMILTEK-
COB H3 HOHOB \eTAJIOB W JHTARIOB, TAK KAK NeKOMNICKCIINE? HOHD
METAL1d B TCHCTBHTEIbHOCTH SIBAHIOTCH AKBO-KOMITEKCAMIT, Craon-
HOCTh OT80BHEIX KOMILIEKCOB VUACTBOBATL B PEAKLHAX, PE3YALTATOM
KOTOPBLIX ABJSISTCH 3aMEHA ONHOTO WIH HECKOJAbKHX iUTAHAOB BHVTDU
KOOPIMHALKOHAON Cephl Ha APY LUe THIAILA , HA3LIBAIOT AUGUADHOCHIBIO
koMnaerca. Takue xkoMiLiekes, 1as KOTOPBIX peaxilui 3Tol'c THAE Npo-
TEKAIOT O'IETE GLICTPO, HAZLIBAKT 208U bHbBIMUY . B TO BpeyMA KK KOMILIeK-
CBl, JI5 KOTOPBIX NONOOHLIE PRaKitfl TPOUCXOTHT MeTIeNNe HaH ke
BoOOLLE 118 IIPORCXOAAT, 11ASBIBAIOT uHepimntMu Kosnaercasu. Baxio
OTMETHTL, HTO 3TH IBA BHPAKETI OTHOCHATCH K CKOPOCTAM Peakuuil u
HX HE CAEYCT NYTATL C BLIDAKEHUOM «YCTORYMBLITY | 4HeYCTOHYHBLIAY,
KOTOPRIE OMPEAS/IRIOT 1ePMOJIMHAMEYECKYIO TEHACHUMI0 K CYILECTRO-
BailBIO B YCJOBHAX paBHOBeCUSA. I1pocTeIM npumepoM storo pasIHyus
saserca KoMmuaeke [Co(NHg)el®+, xoTopbift momer CVIECTBOBATL B
TCHEHHE HECKOMABKUX CYTOK B KHCJTOH CPefie, TaK KAK ¢ro KHHeTHYECRAN
HHEPTHOCTE: WAH OTCYTCTBHE NalUJbHOCTH HE COOTBETCIBYET ero TepMO-
AMHAMHYECKOH HeyCTOHYHBOCTH, uTO NOATBEPHIALT CASIYVIOMAA KOH-
CTAHTA PABHOBECHA:

[Co{NHg}y '+ - 6H,OF = [ColHyO)s P+ +-6NHF K ~ 109

e

o

KOOPIHALHOHE BT COVTHHET HHEA . IRT

reoObluaiino BLICOKA
K~ 1072

Mamporus, yerofiwnnocte [N (CN)]*
(NCN), 2= = Ni2+ 4-4CN -

110 GOABIIYE) CKOPOCTE ofnmena (N -HoHoB € MEUEHHIMY LN'-‘I'/[.OI»I?IMII,
AOBARACAIBIMA K PACTHOPY, 11 YAAETCA A3MEDU L, OObMBBIIL _\lLIU,‘I.d;\IYH.r
Hafizene, u1o OTCYTCTBME KAKOFO-au00 ABIORO .(‘OOTIF}{-."I.‘CTPHH Mt?i:;lg)
TCPMOAHHAMHYCCKON  VCTOHYHBOCTBIO i I\HIIETHIIL‘U"(_OHW,,?IaOI/L."IbHOL’. oo
qBASETCH ODIMM NPABASOM 13 XHMUM, L0 1ECOUTBCICTBHE B 3TC
HAACT ODCHHO DRaXKHO.
Oméuui‘pggm pALY IePexXoLHbX .asiemeu-r_gsl JLIIJ‘AK‘I‘I-IT-IIE;?]\'H BCe OI(TH;LLPIII:
yecKite KoMiiexcsl, spone komuiaercor Crl'tu Col™, oéblgrno :[a_}{.n\)
Tibl, T. €. HPOCTHIE KOMILICKCH MPUXOMAT B PABHOBCCHE C 10 dBJ‘IHEMbIJ-EE
guraiiawi, srmouas 11,0, nactoasko GeCTpO, Hro peakuuy 1'1p1»1”1“
[OALIOBANUH  OOLIMHEIX  METOIOB  KHHCTHUCCHUX 11.?;\-1{‘.?')&[1}11[6 ](d}I{r}-{UI
MrHOBEHHEMA. Kountekesr Cr!!lon E,o'“ LOABCPIAOTCR O6MEeRY Ju-
raifaMn npn 257 ¢ neprotayu noayotsena (1) ngpﬁfnf? IlFﬂCI\O..‘[bI(I}IA
YACOB, CYTOK N Jie Heledb, 4ro, GIeloBaTeanio, ,'_[(:‘»‘l'lcl@’[ nx no,u}:o:m-
LM CHCTEMBMIT 115 HOAPOGHBIX KHHETHUSCKHY HCCIRA0BAHNI }{'H‘::}I-IE-
HHs MexamusMa peaknni. Hekoropbie (bEJK'rophi, O'I'ISETC'TBEHthe 3&1 10!,!%:
1K€ HHTEPBaJL] CKOPOCE‘%}?) peakuud, GVAyT PAcCMOTPEHB! B JaslLHell
; az271. b.14, cTp. . i
me;\;?: {r?(:lcsh;}em-lee Bpe?\Eﬂ Bee foNee BO3PACTAIONEE BHUNAUHE ObLIO 'l.lplI—
BAEUEHO K HOAPOOROMY H3VICHUIO PRAKIIHIT 38 MCHBL .FII/I[‘.‘:IHIL(‘JI? C Oﬁ'be}\"EHlEv
HbIM HSYUEHHEM JeTajel MeXaHu3Ma, 10 KOTOPOMY npomﬁonm l'IOJ_O(i-
Hpte pearilui, M, HeCMoTps Ha 10 YTO OCTaeTCH cllenars ?L("T’Mf.a Mnoro;:
BCC 3Ke YIAI0CH JOCTHIHYTE HEKOTOPLIX yenexos, M epBal g_l:ltremi. p
eMIIEMBLY ST H3VUSLHST , 3ABARCHT OT HMCHIITHXCH JKC I]EpIIII\EIE'HII i 1,‘|x'1.\11e-
Tonok. B nactosuiee Bpes 3TH MCTOABL MOKIO 110&1}1.4,-15..1n.‘1h _Hd..‘ |.';{.:'1
GOAbUIME IPYEDBL T XaPAKTEPHCTHRH KOTO[HY BOL}TJII[L\CiIUIO.Ih:{}H.{,_
CKOPOCTH PEAKLHT W YEASBIBAIOT BPeMs [POTERQIN PEAKIHH HAno
JOBHHY. ‘ _
i, Cratauccine netonsr (T 221 atur).
2. TloTouHble  MeTOlIbl, HIH  KETOTN
(I munzT =077 cex). _
3. Penarcannotime netoint (7., < 0,1 cm\}.u ) N
B kauecTse Oujiee SCHOTO ONpelgdcHHs TIONATHI <<14Hep'rm-,m»1ul<<b1d‘—
BUALHELTY MOXKHO HPHIUITE YUOTPEOUTEIbHOE OUPEACTEHNE H(_CJIEIKCI oT-
JHuaoiileees 0T onpeledennd o Tayfe), koropoe FOBOPHT, 4TO KOM-
TJIEKCB! OTHOCATCS K NITEPTHBIM, CCMH DEAKIMH C HX YUACTHEM ,\-10‘).{{1-10,
HAVUATh, CTATHUECKUM METOAOM. CrarHyecKne MeToml NPUHAIEIRAT K
KAACCHUECKHN, B HHX PEarHpyIouMe memecya CME‘[VJ.II"]B:;I}f}rl‘ upocTo
CHBAHHEM DACTEOPOE OBOHX COLAKHCHWI B COCYR, H XOd [)fdf\lLHliH:tI;]};
reM KOHTPOAK[YIOT BO BPEMENn, #3yuas I\'éli{iIC-J!lrl(“}(.J (pHaH z,eume \Je-
XUNMUECKHE XapAKTEPUCTHKH (1{alIpHNED, CBETONCT flomerne, E'Sbl,ElL..’I
Hue rasa, wamenensne pH, W3coronmpii cOmen). IloTounbe METOARL, HJH

SBICEROTO  CHMEHBANHSA
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METOIL!  GEICTpOrG CMELIMBAINS,  OCYHICCTBISIOT ObICTPLIM chemmpa-
HHCM (IPHMEDHO B Teueriye ~ (-3 CeK) PEAFCHTOR M HCTOAB3YIOT MHO-
THE Cnocolst KOHTPOs, XapaKTepHLle IS cTaTHudeckyx METONROB. Pe-
MAKCALKONEBIE METOIL OIHOCHTEIRHO HOBLL, 1 O6JaCTs HX NPHACHEHNS
19 H3YUEHUS Mexalusyop NpeBPallennii ypespriyafing 6BIcTpO BO3-
pactaer. OBH ocHOBAKLI: a) Ha mpocTom HapyleHay cocrosnus pasmo-
BECHS B OYCHb KOPOTKHe NPOMEXYTRH BpeMenu (o6bmno PE3KUM HOBHL-
LIEHHEM TeMICPATY Dbl WIH AABACHUSA) H Ha nceneayioien BOCCTaHOBTe-
HUH COCTOANNS paBHoBecus, NMPUNEN 115 DErUCTDAIHE 3TOTO HeRONL.
SYIOT CHEKTpothoToverprYCcKyto wip HICKTPONHYIO annaparypy, wau
6) Ha nenpepemuLIX BO3MY LIEITHAX PaBHOBeCHs MPH NOMOITH yabTpasBy-
KOBBIX KONEOZHME WIN DaTHOMacTOl iy % CHIHAIOB B Ma! HHTHOM noje
{r. e. AMP}. Tlocaenriye METOLLL MPTIroAnb A3 nadTio4enng Haufosee
OLICTPBIX peakuuil, a Bo MHOrHX CAYMaAX KOHCTaHTBI CKOPOCTH BRIOTE
AO BETHIHAL fiopanka 10M cex~1 ydacrio H3MEDHTSL 14 Aughy3uoHHkLX
RPOUECCOB C HCMO/b30BanHeM YIBTPA3BYKOBHIX METOIOB.

I paysen PEIYABTATONM KHHETHYCCKUX HCCICTOBARME B Myyiewy ci1y-
43€ MOMKCT ObITh yCTaHOBACHHE 3axo/g LROpocimu, 1. e. ypasnenns, no-
KASLIBAIOUIETO KaK CKOpOCTL o PeaKkunn npn ganuol TeMMepaType
H B JauHOil Cpefie 3aBHCHT ot KOILEHTpalHiA pearentor, B BhHIparKeHHe
STOrO 38KOHA MOI'YT BXOAHTL ONDEICIEHiIbIe KOHCTaTH £, Ha3bBaeMble
Koncmarmanu eropocmu. Tax, sakon CHOPOCTH A% peaxupH

A4 B—-Co D
MOXCeHL UMETL Rut

v=k [Nk, [AVB - k&, [ANBI[H 2

370 RonmHo O3HARaTh, uTo pearnus npyexaer mo TREM Onpesene by
NYTAM, H& OAMH M3 KOTODHIX B.mfer lA), na Bropor —JA] u IB], a
TPETHI 3aBHCHT 01 3nauenus PH. Tpetse caaraemos 5 opmyae noka-
SBIBAET, 4T0 €can sTOT My TH OCYMIECTBAARTCS, TO B 0fpasosaniy AKTHB-
lIOTO KOMILTEICA YyuacTBYIOT fie Tonbko A 4 B, no tarke n Q4" (no-
CKOAbKY 3Ta BeTHUMIA CBSI3apa ¢ F - 0Bpatnoii 3aBICUMOCTEID),

Konewnoii uesnio HIYURHHA CROPOCIN M vieXaimiapg eGbluNo An14-
C1CA TOUIas unmepnpemayua saxous CHOPOCIH, TaK /e hiX H onpeete-
HHE TOUHOTO Mexamuama peaxmuy, liox mexanuavon NORMMAIOT Jieficr-
BHTEILHOE B3anMoneficTBHe HacTyiy ¢ oBpazoBanuen akTHBIIOrO KOMAAeK-
€4 H pasawamsle cragum, MPOHCXOAAmAe A0 WaM moce ofpasobanus
4AKTUBHOTO KOMIIexca *,

* Arropur we nuTalores OGDBACHITS It HOIBCPANTE AGALUINKE o Teopwit ¢xo-
POCTH pE&KH}Iﬁ, KOTOPHE itely 038 ] JMEHATH B GCHOBE Oﬁf_‘) IEHNA ki HETHKN B MEX3HH 3=
na Kpanme GHpEncaeHB g OBty DAL ML kAR HANOMH G HEe HITH B TeXx CHYYARX
KOTLA 9TU KoHNenuun ocofenug BAOMHE! MAd NocTenyiomer o ofcyskaenus Ynrareny
He BJlayeiotye I{EOGXOﬂHHbIM}I .JL,‘IEMEIII'E{P HEIMY CECACHRAME o XHMBHECKOR KHHET}{KE,
MOry1 CIHAROMH ThOST C NHMH [To OGI)I‘IHI:IM pyKOBO,_'ICTBR'ﬂ Ticx qJH?H'IQCKOfJ XHMHHY .y

M0 OTASALWBIM KHHFaAM, YKd2apHen: p COHCKE JH repaTypel, ocofenio o KnrHray 3g-
Bapaa u Kunra,
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0.13. Bosuomunie Mexamuamb peaxnii 3aMCHBI AMFAHZOR

Mosxro pacemoTpers aBa KpalHux cnyyas TAaKMX peakinil. Iepreti
npefcrasaser cofoit Mexannam Sy, B KOTOPOM  KOMILIEKC AHCCON K-
HDYET, TCPA JUTAKAL], DpHYen CBOGONILE MECTA B KOOPAHIALHOHHOMA
Ccepe MOryT GBITH 3aHHTE HOBLIMM JMTAITaMH, DTOT 0YTb COOTBETCTBYET
CAelylieH cxeme:

[LeMX i+ T80 - | dpmtn e YT [LMY ]+ (5.1}
OLIL I

OcofernocTs 3TOrO TIponecca 3aKkAIHaeTCs B TOM, YTO MepBas cranud,
HAa ROTOPOH UPOHCXOAMT motepss X, DPOTEKAET OMHOCUMEALHO Me]l-
ACHHO H, CJEIOBATEIbHO, ONPEASISET CKOPOCTL BCEIO npouecca. Hdpy-
THMH CNOBAMH, KaK TOJLKO 9T0 NPOH30LLIO, NPOMEKYTOUHBIH KOMINEKT,
KOTOPBI JHIIb MHTHKOOPAUHHPOBAH, MOMNET MOYTH MIHOBEHHO pearu-
POBATL C NIOBBIM JIHTAHAOM Y ™. 3aKOB CKOPOCTH 418 TaKOro npolecca
MOACHO 3aNHCaTh CIETYIOUM 0BpasomM:

v==k|L,MX] (5.2)

Ecau Bommonusieres stor MCXAT3M, TO CKOPOCTh PEaKUHU C HeOOXOmH-
MOCTEIO OPHMO MPONOPUUCHANLEA xouuentpaunu |L,MX|*+ n ne 3a-
BHCHT OT KONNCHTPAUWH HOROIO gurauaa Y~ . Bripamenue Sp,1 o3na-
HALT MOMOMOICKYAAPHOE  HYKACOPULLOE JaMeiyerue. ﬂpyrpm Kpa'u-
HHM cTyyaem oBMeHa JUTauIos Bd9e1cs MexaHusm Sn2. B ITOM Cayuue
KOMIIEKC 00Pa3yeT CeMHKCOPAHHHPOBAHHLI &KTPBHPOB&}H[L]I:[ KOM-
TWICKC, KOTODHIA 3aTem BhIGPAchIBAET 3ameilaenbili JUTaHI, K&K 3To
HOKA3aHO CJedy lOOICH CXOMOM.

X I -2
LM
[ J

[ Ob_TOD

—~ LMY L X~ 5

ME L TCOHHO !

[LyMX]ee |y - Loerenue

Ecau suinoansercs: sror MEXANU3M, TO CKODOCTE Peariun AOTAKHA ObITh
fpOnopuHonaneua KouueHtpauny [LMX [+, YMUOMKEHHOH HA XOH-
lteaTpaidio [Y ™ |, opuuem zaxon CKOPOCTH MOXHO 3anucaTh B BHje

Y=k (L MX][Y"] (5.4)

OBosnauecine Sy2 pacliagponLBacTCs  Kag Busonerysaproe HYyKAeo-
puasroe samenjenue. )

K coxaaenno, stu jisa KpafiHKX cydas JefiCTBUTENLHO HBIHIOTCS
NPEACILHLING, W pealdbiblil MeXaHH3M PEIKO BhiBaeT HaCoNbKO pocr.
3HayHTETLHO NPABAIEHEE CHUTATh, WTO, BEPOSITHO, B HEKO10pOH CTe-
el pouCXoNuT 00pasoBanue cesasefi, MEPER TeM Kag paspui mpes-
HHX CBfIseH COBepinaTes OKGH43TeIbHO, T. €. YTO B NepexoaHoM coc-
TOSHUH HaCTHNA He 9BASSTCH HH HATHKOOPAUEHDOBAKHON, HU 4YaCTH-
i€H, B KOTOpO#H Kak yxodawas, Tak u BCMYRAIWAS TPYIIEE 00e MPOMHo
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CBA3aHBI B KoMiaekce, (NefioBaieabio, Gy1eM 1GAb30Ralrcs Tepyu-
Havn Snl ¥ Sn2 e st Toro, Y106k ¢ HeoH \OTHMOCTbIO [oNpasvyuesathb
hpaiiiKe C1yMal, a JHLb Tuis TOT0, YTOOLI ONUCA b MeXAHH3MEI, KGTOpble
MOTYT JHIIb TOALKO MPHGIM3HTENLHO COOTBCICTBOBA1b TPEAEIbHBIM
CTYYASTM,

CAOMHOCTL B3 TOKENHOFO BHIUE B TOM, Y10 CyHIECTBOBANMC 3aKOHA
CROpOCTA THRA (5 2) uan (3 4) name npUOIISHTENbHO He gapasmupyem,
Hi0 peaxlHd npotenael no Syl uam Sy2-Mevanusan

ITO MOYKHO IORE%A15 Hd 1PCX HAUGO.16C BAKIIBIA HPpHMEpax 1) B3dH-
MOICNCIBHC L DACTROpIIfe 18\, ) obpasuBaiue uoilniX nap u 3) obpa-
BOBAHHC (ONPHKEHHOTO Gl HOBATIITH

1) Bsauwodencmsue « pacmsopumerc  LoTuiniHIBO PDCAKUNY ¢
VIACTHEN hOMITTCACOB DLITO NFVYCHO B BOIHOV PAUlBOpe Lulda BOfd
CdMd ABJISEILH JTUFANTOM, KOTOPEUL K 10OMY e NPUCVICTBYEl B BLICO-
KO H MO CVIRCLTBY VOCTOSTHHOHW KOHUeHLIpauwit (~55,5 W) Caencsa-
I8JB10, 3AKOH CKOPOL1N (D 2} MOMe! BHIMONIIATHCS, HANKE CCIH PeaK-
UHS B JeHLIBHTEJNLHOCTH ANOIEKABT MO YPABHOHHSM

[IL-MA] | H.O — [LMH Of + X tve g ennig) {8 3a}

(LsMHLOI v Y — |T WY (4 H,0  (dmipe) {3 5i)

Bodee 10ro, ToILKo Hi OCHOBAHUM }C1ANOBJICHHONO 34hoHA CKOPOCIH
PCAKLUIT IeTL3S ChasaTh, Kakas peaxund, (5 5a) Wi (5 b6), upole-
Kdel B ACHCTBILCIBIOCTH 110 Mexahisan Sy 1 ¥ no nexanuany S 2

2} Oopacosarue uontsr, nap Foalm Postipy UM ROMILTEeKL npel-
CTABIRET CONOI KATHOH, d BCTANQOMWIAR B HCTO | PYIHLD wBIASTCH AHHO-
HOM, OCOUCHHO CCTH G LLE HY TAN HTTH OHH 063 HCOAT 80 1biHe 3dpaIL,
TO MOTYT 0 HERUTODOH CTEUCHH O DA20BLIBATRCSL HONHBI "aPbl (1Y,

KaK WX 1aKIKe HA3BIBAIOL, BHCLUIHCLGICMHbE KOMILACH) L KOHCTANTOIl
papioBeLHa K

LMY+ py - {{Id'\\}gi'&:nvm 5 6)

DM KOHCIAUTIL DABIIOBECHA YWOXKNO BBIUIC JUTE TEOPCTHYCCKH 1 1 HO-
AYUHTE COMOCTARTIRIHEN ¢ HIVEPCHIAMIT Hd CUCTCMAX. 13 hOTOPbLIA HET
HURAKHX OCHCAV 00T PCARTY, H OHIl khaK NPABATO, MCEKAT B HI-
1epBdIe (L1—20 Jlaiec, ecgil CIMTH IBCHHBIM M\ Th, UPH  KOiOPOM
[LLMXI*' 1 Y™™ MoTyi pealspoBaTh (0 3UAYHTCILION CKOPOCIBIO,
BKIIOYEET [DCIBAPHTEbHOES 06Pa30BAHUE HOHHOW NAPLI, 10 3dKOH ChO-
POCTA PeaKUBIT MOKC] GBIThH 3anucan * B pune

v=RK[LMAI[Y]=4k"[LMX][Y]

-
(S}
-~

S

7 EGi nosye mon ¢1pore 1o Chopouis 40t TAKOLO IRORELCA MOKUE 0TS 12!
KT MY - -
- B A HOTOROC NPESPAlLdeIcd By pdBicine {5 7), KOl

K[« 1 wostomy ectin 1Y ] % 0/KH0 Cagl 1T 200 TATONNG 1ol ITOH {txaxeM ~1 M)n

et K Locrasanet ~0,1, T 1o bUble H3MEPEHHA MOTYT HPHEECTH h hiHETHEOCKUA

HeNTEe™ o
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OHHARD TOLKO KUMHeniteCKie HLC/eOBAHNS MOy T IPHBECTH K 3AKOHY
cropocrd THa (54}, W THOIL TPH NOMOWE AOTIOTHKICABIRIN omgrog
MOMHO BEISSCHATL ACHCTBHTCILIIO JUI OTHOCHTCA Peaktus K THIY Sy 2
B CMBICIC YpaBrenus (3 3) aai olla nporexaer ¢ OU])&SOB:‘I{HLL%I&I HOH\H((Z:IE
napel Jlake ecis 03 1eT 00HAPAIRCHO, W10 HOHRAA Napa 00pasyci
(1 3TO WACTO MOMIO }CIAHOBH1ER), BOIPOC O TOM, Kdh HONN4A 1AP& TIPe-
00pa3vercs B HOBBIIL KOMILTEKE, OCIaeTCs 6@191}39’?& I‘IOL‘KOHbK}‘L\IOF}T
1146 HOZATbLH B PABHOR MCPE PedhlBn Sy 1, Sy (111 peakuyy ¢ yHac-
TBOPHUTENA,
THE‘:\gl) Igigpaséeanue CONPAMENR020 SoHppanud  BUshdil pas, KOTg} I(igl_
HapYKUBAIOT, YTO 3dKOH CKOPOCTH BKIYZET 3aBHCHMOCTL O1 .
geTaeT ponpoe, AelciBUIeBHO 1 Ol manumenmli_s}}er C HOHOM Me-
jagia, 1aBas Sy2-peasifio B cMbleae ypabpenua (5 3), nin e 3Ta
JABHCHMOCTL ABJASETCH haKVLICH(A, HOCKOIbKY HOI THIPOKCHIA (Ha-
yada BLICIPO PCATHPLET © JMTanion, oT6upas § uelo np?w:n, npHYey
oGpazyercs conpsskenuoe ocnoBanne (CB o1 conjugate base), Knmpole
L AE 3a1eM RCTYMJCT B PeARIMIo, MPEICTARCHHNID CoeTy IOUIKME Cae-
BS
e [Co{NH ), ClpE~ = OH= =[CofMT ) (NH,3 Cl| — 11O {usieTpo) (5 8a}
(CofNH,) (NH €l —— — {Co(NH.) Y 2= —CI= qveaneimo) {5 85)
410y H -
B Tex cayuasih, KOTId Peakitug (3 80) HpOTeKaer 1o MeXdHE3MY Snl,
oGImng mfexauns.\l, APelelaBJeTnibiE  ABY MR\ PABHCHUSANH, 58a) u
(5 8 6), HazwBawi S~1CB-MexauRIMOM  ECTECTBETNO0, 4TO B 1€% CMy -
yasX, KOTld HET H OJIOr0 IOTOHEPYEMOre aioma pojopoaa [win,
ecTH HIBECTHO, UTO npolece, noTobuun (5 8 al, Npouc oTUT m'mum\]
veraernol, nosstenue [OH7 | B ypaBRendn 30K0HA CLOPGCTH PQL%KL;HI,
DEPOSITHO  \ ha4LBACT, 410 TINOLCCL NPOTERAET TI0 IENVULIAN ON
AMOKHO GTAE TIEE L0 3 1R01 CROPOL U HdC10 BhiPdAadluF KNG 11733 51
IH 174 aunadcinulingi TReL oy WIetiv i 31 Olle ChOPoeTH L 1d TH-
DOTETHYELKOH DPCALIAY A—B - D npuseteniown Uhllllea CoeTieT
HUETh B BHAY, Y10 3TO BKBHBATLHTHU HCT O 1L3ORATIMIO IOH ™ 1%, 14K rak

E[H* "=k K'[;xof(JH'l”

5.14. Bommuii odMen 10 ofipazopaluie KOOPUMHAILTORALIX COSAMNITENTH
I3 ARBO-KOMTCRCOB

Haiug sHanus o BOAIOM ofneHe OCHOBABBL HOYTH HCKIIOUMHTeNbLHO
[Ha JAAHIblx DENTARCALHOHHLIX IMMEPCHHH, TdK hak NOYTH BCe TaKHe
peakiyy APOIEKAINT ¢ OUCHL GONBIIOI CKOPOCTEID B KayecTse BaXHOTO

AGBONAN TROTHUB LIPOCTOT [T TN C AN TAPHOTG MeXARHIMA ﬂ."{ﬂ BOIHEIX PACTIBODOR Ta
KHE G Thl PEAKO BEFTIO [HUMIT TIO 6 TeBIHB Y NACTRORHTEIAR, T8 TIdHeHE K \orvy
¢ TaTb CONBUIEMH, =10, BOCHIE 10BOpH, BLINQNIHMO
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U CHCLRGHIECKOre ctyvast PacCMOTPHM CHAYa/Aa CKOPOCTH NpeBpaune-
HHH, Npu KOTODHIX aKBO-HOHbI OOMEHHBAIOTCA MONEKYNAMA BOXH C BO-
Roii-pactBopATenem. Wermouas cnvean  Cr(H,0)3* ¢ BpeMene
nonyebuena Tiy,~3,5-10% cex u sueprueil axrusaunu 27 xxaa/moss n
[RE(H,0)!%+, korToputil cule nposnce (E,.»=33 xrkas/moas), Bee 511
DEAKIIEH NPHBALNEXAT K UHCHY OBICTPHIX pearkuil, xaxk NOXasanc Ha
pre. 5.5. Hafio orMernTh, uTO XOTS ONE BCE OTHOCSTCHA X «OBICTPLIMS

L

i Na

+ 2+
Jpe Mp2t Cg b

1 [
Ladj
I Y 4.

[

(Gid
Th 3. o

A1 Gad*

ExZ
lam*t. Ceat
-

N2t
v 2T | Codt [Fe2¥ppaet Cy?t,Cr

L] [

ZIII.:H— Cdﬂ Hg2 t

P11

" 1t 102 gl wr o 1gh e qof 108 qp¥

1010

Puc 55 Tunnumnie xouctautu cxopocty (cex—1) 3avenienns po BHYTpeHReH cdepe
H,O nas pasuooGpasHeiX axeo-HOHOB.

PeakluaM, TeM He MeHee O 3HauyeliHid KOHCTAKT OHH OXBATHIBAKT 1iH-
TEPBAT B HECKONLKO NECATKOB NOPSIKOB, IOSTOMY 5TH J4HHLIE ABIS-
0TCA yROOHBIM MA1CPHAOM L5 00CY MACKUA BONPOCa, Kakue ke dak-
TOPBE BAKSIIOT HA CKOPOCIb PEAKUHil OJHM3KHX KOMILIEKCOB HOIOB pas-
HBIX MCTaAJIOB.

BO-]‘jepBbIX, IIpH pacCMOTpEHHH HOHOB 1GEJOYHBIX H IHEToYioae-
MEMBIBIX METANI0B MOKHO HalII0AaTh BIMARHE KX pasMepa M 3apsaa.
B npenenax xaxmolt rpynnbt ckopocTh 06MeHA BOSPACTAET C YEEIHUE-
HHEM pasmepa, a BAA HOHOB M+ u M+ (Gnuakux 110 pasmepy) v Hona
C MEHBLLHM 33DANOM GOMEH OPONCXoluT HamHoro Gpictpee. [TOCKoaRKY
npounocTh ¢BA3n M-—OH, noamKna yBennyuBaThCsl ¢ Bo3pacTaHueM
sapilla ¥ YMCHbINATLCS € YBOJAUMCHHEM pa3mepa HOHa MeTadta, T
COOTHOWICHAR CBHAETEALCTBYIOT © TOM, UTO TNEpeXofHoe COCTOSIHHe
Ans peakuuii  ofmena focruraercst  paspuiBoM  M—OH, cBssn

e
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3HAUKTENBHO Yauwle, yem o0pa3oBaHHEM HOBOW CBA3U, T. €. WTO MeXa-
HU3M TPHOJMKAETCA K npelefbHomy ciydato peaxkuuii Syl. Caesyer
OTMETHTb, UTO AHATOTHYHOE YueHBIIeHHEe Aa0HJIBLHOCTH ¢ MOCTENERKO
BO3pACTAOUIAM (OPMAILHBIM 3aPAAOM BMeer mecto B paay AllG™ >
> SiF{~ > PFy > SFy. M B 7oy catydae clegyer NPeANOAONHTE, ¥TO
obMeH (Kak H Jpyrie peaklll¥) 4aCTHL 12KOTO POAZ npoTeKacT no
Syl-vexanmamy.

C xpyroit cTopon, eciu oGpaTHTbCH K PHC. 5.5,31»10}1{1{0 :P'BHJIE::'b,
yTO APYPHe paAbl coepuneHui, T. e, (Al%+, Gad+, In®+), (Sci+, Y¥)
u (Za?t, Cd#+, Hg?*}, rakie nolduRAOTCH Npasuian o C8AsH paiHyca
¢ MeXaHHzMOM peakuui. CyUlecTBYIOT pasNHuBbe CJy4aW, B KOTOPLIX
ABA HOHA, Gylyun RPHONU3HTELHO OJHOIC Pa3Mepa, BCE JKe HE MOXUH-
HAIOTCH YKa3aHHBIM DABHAAM O CBSA3H MeXaiH331a ¢ BEIHUMHOL 3apaAa,
T. €. MOH, BECYHIHIl 3HAUMTebHO GOAbMIMH 3apsll, BCTYNAeT B Peax-
ed obMena Ouicrpee, XoTH Takhe HCKIIOYEHHS H MOryT OBty Ofy-
C/OBJEHBE  PA3NHUHAME B  KOODIMHAMMOHHALIX UHCNAX, HO 3T0 He
JOCTOBEPHO.

CaeayeT TAKXKe OTMOTHTB, W10 ANA IBYX3aDHAHBIX MOMOB NEePerol-
HB{X META/VIOB He OCOGCHHO AOPOLIO BHINOJHSIOICA MPABHIa O CBA3H
pasMep# W 3apama ¢ MeXadH3IMOM inpotecca. B 3ToM CAyyae ZeHCTBYIOT
no MeHblell Mepe IBa momo.intenbbix gakrtopa. das Cu+ xoopiu-
HALHOHUEI MHOFOTPAHHHK HE SBJSEICA MPABUILHBIM OKTA3APOM, CKO-
pee BCero JiBe CBSI3H €10 HAMHOIO AJMHHEE M MeHee NPCUHL!, YeM OCTalb-
Hue uerbipe (cm. pazg. 29 K.3). Kax caenctsue 370ro Bo3pactaer H
cropocte ofiMeHd. Bo-BTOPBIX, AIA OOGIBLWHHCTEA HOHOB (IEPeXaTHNX
MEraJIoR CKOPOCTSH pearuuil o8mMeHa AHTaHBOB HAXOAMTCS 110[ BAHA«
HHEM HM3MCHEHAS 3Ueprild d—E}ﬂ@thU]IOB, lak Ke KK H3nNCeHellid B
KOOpINHHEUHH CBA3AHD KdK C KOO AHH2LHe B RCXOTHOM  peareinre,
TaKk 1 C KOO[J,’I,I/IHJILHE‘H 13 TePeXorIIon Cov ok =10 BLC 74 BRIBLIGAST
}'HEJTHLI(:‘HHE FHEPUAR AnTHRAUWHH K, GICHOBATCALNO, VVWCHLIEHHE CNO-
POCTH, Ho aBcoaoTliasg BEJAUYHHA STOTO BifiHIIA He CBA3ada MOHOTON-
HOH 33BUCHMOCTBIC ¢ ATOMHBIM ROME PO, qame OHa HW3MeHAercd HCCHC-
TeMATHUECKH NIPK NEPEXoje Of OAHOrO KONa K AApyromy. Xapaxiep stux
npoueccos Gyaer oObsicieH nosxe, xorka 6yAetr pacCMOTPEHO 3ACKTPOH-
rfoe CTpOeHHE HepeXoRrHuiX Meramios (1. 26).

O0upHble 1CCIe10BABRA CKOPOCTH HPOUECCOR, TPH KOTOPHIX FHJ-
PaTHPOBANIIEI MOH B3aMMOJEHC1BYET C AKIaiioM, 00pasysl KOMIGEKE,
HPHBEIH K CAEIYIOUUM HEHHLIM BbIBOIAM:

1} Ckopocts peaguuBl AMA GaHHOTO HOHa GOHAPYMHBAET MaIyl
3aBHCHMOCTB MM cosceM (vesee yen B 10 pas) ne 8aBUCHT OT HAEHTHY-
HOCTH JAHAHAOE.

2) Cropocrb peaxuuil &8 KamIAOTO HOMa NPAKTHYECKH Ta e, UTO
H CKOPUCThL oOMEHA BOABI A% 3TOTO HWOHA, NpHYeM OOLIMHO NPHMEDPHO B
i0 pas seninine.

7  CoBpeMennAf BHEODraHMueCKas aEMHS, . 1
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CHMTI0T, 4T0 eUBCTBRHHOEC DPAYMII0E OOBACHEHME 3Tux (AKTOB
BUKJ/IIOYAETCH B TOM, UTO PEaKlHH 00pascBaMyust KOMILiekca NPOTEKIIoT
B ZBe CTagHH, NPHYEM MepBad 34K1I0yae1cs B o0pasoBaHul CBA3M rug-
DATHPOBANHLIH HOH — JIMTANJ, T. €. BHellHecEPHOro KOMIJEKCa, KO-
TOpas CoONpoBOMAAeTes ainmmnupopantem H,Ous rnaparaposannoro
HOHA, TPOHCXOMAILHM TOUHO TAK HKE, KaK H OGMEH MOJEKYAAMY BOAbL.
Ecan nabmoxaemple KOHCTaHTB CKOPOCTH H OTAHHAIOTCS OT BhLRIHCICH-
HBIX KOHCTANT 0OP430BAHUA HOHHBIX Map, TO {I0JYUROTCA BeJdHYHHb,
oyenp GAH3KHe K KOHCTAHTaM CKOPOCTH BOAHOro obMeya, Boolle B npe-
BenaX TOYHOUTH BLMMCIEHHBIX KONCTAHT oOpPA3OBAHHS WOHEWX NAap.
Boaee roro, naizeio, 4yto snepris aKTHBaLHY M SHTPOIKA [0 CYIECTRY
OMHHAKOBBL AJST OOOHX 11pOLECCOR,

¥papuenne (5.9) npesctapanct coboll OTHY B3 peakuuil MeLIeHHOro
GOpazOBaHyue KOMINEKCA, KOTOpaf A3yueda 1oiApobno:

Cr(H,0)2 " +NCS= = Cr(H,0);NCS2* + H,0 {5.9)
Ee ckopocth onpenetsietest ypapHeHHem
o= [Cr(HoO)2 ) INCS = (k) - ky [H* |71 L by (HH]=9) (5.10)

OTKVEZ MOWUO CHeNaTh BhIBOA, YTQ CYINECTBYIOT TPH NPUHIMIHANLILX
NYTH OpeBpalienns, B KOTOPBIX PEarupYIOMHMH YaCTHILAMM ABJAIOTCH
Cr(HyOg,  CriH,0), (OH)?*~ u Cr{H,0),{0OM)}. 3aBucumocts oT
INCS ™) cama mo cebe ne rapantupyer, uro peakuns BT HO MEXAHH3MY
Sn2, TaX Kax K TONY e BUPEKEHWIO 321010 a CKOPOCTH peakiun (ecnn
HCNOABIORATE ATA BTODOUO W TPeTLCl BbLTﬂ&}KQUH{;—Y COOTRETCTRVIOUHE
FHAPOKCO-KOMILICKCH] TPHBOALT # CAGLYIOWAS CXCMa HPeBpalierind:

Ky
Cr () * = Cr{H02* + H,0 (5.11a)
Yok
&1,
Cr(H,0)27 £ NCS= == Cr(H,O)(NCS)+ (5.116)

npa yexosan®, wre k_ kR, INCST). eficrputensio, 310 cnpasen-
JHBG, TOCKOARKY CROBOCTD BORHGPO odnea upumeptio B 25 pas Joasile,
eM CKOPOCTEL Peakunu (5.9} ChcioBartenbio, 3aKON CKOPOCTH PeaKIHE
ne [O3BOISET € YMCTO  arreGpaMiueckofl TOUKM 3peHHN PA3JHUHTH
Sn 1- n 8y 2-mexaunsmpr. OnHaKO YCTAHOBJEHO TAKMKe, UTO OTHOCHTEIb-
Ybie BeAMYHHL KOHCTART CKOPOCTR B Bhipamenuu {5.10) obpasyior paa
ky>k, >k BT0oT NOPAJCK COIIACYETCH ¢ MEXaHU3MOM Sy, HO He ¢o-
OTBETCTBYET Sn2.

[Tpouecc BofHOro ofMeHa y Houa MeTatia (HN HpPOLECC aAHMHHHU-
poBARHA) ROANEH ONPeledATh OCHOBHYI) CKOPOCTB HRE DAHHHX 37Tanax

* BToT XOPOMO MARSCTHEH BWBGA AN TAKOID THIA NOCASIOBATENBEMK peaxnuil
pasfupaercs B PYKOBOACTBAX NO XMMHUECKOR KHHeTHKe.

o TR e L T

TEADCJANTHYECKOR HOAHMEPH3AUMY MHOTHX HOHOB MeTali10B. Tak, KOH-
CTAaHTd CKOPOCTH Al pedKUHH
9Fe{OH)* =TeyOH)E*

pagta 4,5- 10°M 1. cex ™1 mpn 257, 1, et yuuThIBATH HEGAATONPUATIIGE
BIHANHE CAHHAROBLIX 3apPAA0E Ha GHNasOBAHHE YACTWIE!, 9TA BeIHUITHA
HAXOMHTCA B COTMACHMH © KOICTAHTOH CKOPOCTH BOAHOTO 0OMeHa A4
Fe{O)2+, a umentiv ¢ peansuiiofl ~3-10% eex™! npn 257,

5.15, Peapipin 0OMERA [TAIIOB B OKTADIPMIMECKIK ROMICIERCAN

Q6uiee vpapkenue Jad peariufi oMoy JUTAHIOB MOKHO 3aTHCATD
B CAETVICUIEM BHIC:
TL, MR- Y = ILJ'.(}\"!"Y-.] = X

B Boanew pacTBope dpesspiualinoe 3nadenye UMECT CclieUNpHYecKHH ¢Ty -
yak, korda Y npeacrasasier cofofi H,O (nan OH ™). Beposrtho, cyite-
CTBYET HEDOABIIOE URCAD {ECHAR TOIBKD OHH BOOGHIe CYIMECTBYIOT) peak-
ugi, B KOTOPEIX X 3aMewiaeTci cHauaia we moickyjaamd HoO, a apy-
I'BMH JAHFAHZEMH, KOTOPBIE OOLIUIG BCTYHAIOT B KOMIVICKC, 3dMEHLdf
poay. CilegoBateanbHo, Halue ob6cymienne OVIeT OrpaHHYEHO MOYTH
HCKJTIOUHTETbEO PACCMOTPEHHEM DPeaKiuili arsamaiuyd WINH eudpossa.

CHOPOCTL THAPONNIA AMMHEHBIX  Xowmidexcos kofanvta (111} 2a-
sucut of ptl W B UeNOM NOAUHBAETCH 3AKOHY CKODPOCTH

1= (L CoX |+ kplL sCoX | (OH -} 5.12)

Bootine, k. (1% orHoen020 audposnss) nppvepuo B 108—L0% paz ov-
AMHAITCS. OT R 4 LU KucAangiHolo em}powsc{). Hurepnperanns 1010
33KOHA CKO[JOC'I'H BLIZBAAA OUPOMHOE WHCTO IKCTICPHMEHTATLHBIX HOCHE-
JAcBaHBH M OGCYIRNEHME, OIHAKO MO CHX MOP HE JOCTHIHYTO CKOABKO-
HHOYAD VAOBJETBOPHTETLHOTO TOJHOTO WIH  BOOOUIE 1PHEMICMOTO
ofbACHOHKHS. B HadibHelnel MOXKHO KOCHYTLCS HeMHOrHX OCHOBHLIX
ACOERTOR TOi 3a/1auH,

Kucaorupiii  ruppoans.  OOpaTHMCA  CHaYd4ila K BBHIPAMKEHHIO
k4 [LyCoX|. TTockoabKy BXOAAWHM JTHIATIAOM SBJAACTCH H.,0, KONIeHT-
paius KoTopoil Begnka {~3D,5 M), 1 OB IeHCTBYUT KAk TOCTORNRBIN HaK-
TOP, 3aKOY CROPOLTH Hudeod BE MOMET CRAIATHL HAM Q DOpdiKe pearligil
6 OTHOILCHHI K DOJE; JOMAeH ObITh HAHACH Kakoil-To Apyroil ciocol,
NOSBOJHIOUKA  PEUIHTD, NPOTeKaeT AK 3ToT mpolece mo Syl- win Sn2-
MEXAaHH3MY.

Cpenu GOABLIIMNCTBA  THIATOIBHO  WAYUYEHHIAL CHCTEM  BHINONCHIL
patortst 00 CUCTEMaM, BKJUAIOUIUM [Ca (NFL), X1, Flspectunt pasuonds
pa3HbIe JAHNLIE, IIQKUTU[)bIE 113 KOTGPLIX ﬁ.‘IElI'O]I])llH’l‘C'I‘l.i‘\'li'I'l’ ll])l‘ll!’\l}'n
WECFREIHO Mexannsmy Snl, 1o, BepodarTao, 4107 BONpGE e GACAY0F
CHHTUTE  OKOLUATEABIIO  PeItenHbIA), Yratu NPGUIHOCERIGITTY 1y

7!'




196 TITABA 5

pafoTy, KOTOpas AONXKIA ObTh BRIDONHEHA, HEOOXOMHMO YUeCThb CAe-
AYTOnee: ’

1) HMsumenienne CROPOCTH DK HACHTHYHBIX X X0OPOUIO KOPPeJHpyeTcs
C U3VEHEHHRM TEPMOTUHAMIYCCKON YCTORUHBOCTH KOMIVIEKCOB., ITO
yKaablBaeT, utc paspeiB cBAau Co-—X useer Gopblioe sHayenue B 06-
PAZ0BAHHH NCDCXCHHGEO COCTOAHHA.

2) B pslle KoMmmekcoB, rie X npeactaBaserT cofoii KapGoKCH/IAT-
HOIl. CYIIECTBYET He TONbKO KOPpensuMs ©oJee BbiCOKHX CKOPOCTel
¢ Gonee HH3KOH ocroBHocTeio RCOO™ -rpynn, #Ho w omcymemayem Ka-
KoC-IMG0 CHHZKEHIE KOHCTanT, ofvCIOBAEHHOC BO3PACTAIOUIMMHA pas-
MOPaMH R, O30 TOro, KOTOPOEe BLIICKACT Ha BTHHRAIIH OCHGBHOCTH,
[Tpan S\2-mMexdHHA3VE BO3POCIIME PA3uCPsl R 10071kl BEI3B41b \ MEHb-
erne CKOEOCTH, no MedbUeH MCPC B TOM CTVRAES, CCJIH ETdKA hpOHC-
XOANT € TOA CTOPONLI, TAE PACIIOIOMKEHA TPYNHA, XOTs HE HCKIIOUENA
BO3MOYAHOCTD ATAKA C APOMUGONOIONHOE CTOPOHBL

3) B cnyuae, xorna X=H,0, 1. e. 117 peaxunu Bouuoro odMeHa,
Obl1a KH3MCPCHA 3aBUCHMOCTB CKOPOCTH PRARUMM OT JABJeHds M GbUIO
HaWieHO, w0 oObeM aKTHBAINM pased 1,2 ama/mosp, ITor pesyapTar
C ONpelefCHHOCTBIO HCKMIOYUELT IIpeOﬁ.FIaIIHIO].LKEE TCUEHHE DCAKHHH [0
SN2-Mexaiu3My, Ji0 OH TaKKe H He CONTACYeTcs JOCTATOMHO yHOBAETBO-
pHIenslio ¢ NpetedbHbIn cayuaeM Syl-Mexannama. B ropasio Goasiued
CTeHEHK OH OFBEYACT NePeXOHOMY COCTOSHHIO, 8 KO10POM NEPBOHAYab-
"as csa3b Co—O1], yxe 10BOALUO CHALHO PALISIHYTA €Ml 10 Toro, Kak
HauMHaeTCsl obpasopailte nosok ¢nsisn Co— OH,, T. e, aumb npuGau-
waetes K Syl-uvexamusmy,

4y B npegeannon cayuac S- 1-MeXAHI3MA I00%KeH HOSBAIBCA NATH-
KOOPAKHUpOBAHHBIE npovexylcusnil won |Co(NIH;)st, u ero cpoil-
CTBA He JOJKHbL! 34BHCETH OT CBOMCTB YacTHUB!, M3 KoTopofi oH ofpa-
3osaftca. B mcenenopanuax, xoraa Ada yiaaenus woHos Cl7, Br™ a
17 Ouninu ucnoansopani uonk He™ , Agr u TI¥ | xotopwe ofnanpaot
BLICOKHM CPOJICTBOM K %7HM TaJIOI'CHHI-HOHAM, OLIIO H3yYeHO COOTHO-
wenre H'O/H)'O B npolyxie pedkimd. JIT9 ACTHHHOrO NPOMEXY-
Toynoro Co(NH,);* »10 ornowenue 100%Ho 6uilb =>1 H KoucTanTa
He 34BUCHI oT aurdiia X. B cnyuae Hg®t s kaveciee kaTwoHa,
CIOCOGCIBYIONETD DPEeAKUMH, 418 BeeX TpeX Houos (Co (NHy)s X[+
Haboanack oriomenne 1,012, 4TO yKasbiBaeT Ha CYHIECTBOBAHHE
Co(NHy);** B KauecTBe IpoMEKYyTOWHOro npoaykTa. OfHako Ans
Ag* 370 ordourenue usvensercss (1,009; 1,007; 1,010}, ykasusas,
yro Co(NH)i* B 3toMm ciyuae He cyllecTBYeT B KAUCCTBE He3aBH-
cumoeli  wacraust. Hna Ti%  noayuenrt apavenna 0,986, 0,993 w
1,003, wro cBUAETEIRCTBYET O 3HAUHTEALHOM OTKACHEHHH OT UHCTCTO
AHCCOLMATUBHROTG MeXaHH3Ma. EC/H npeinonoKats, YTo HU C OAHKM K3
KATHOHOB, CIOCOOCTBYIOWHX OOMEHY, DA3DPHIB CYHIECTBYIOWEN CBA3M
He TPOHCXONHT, i{l0Ka He oOpasyeTcsi NEPeXOANCE COCTOSHHE, TO
MOIKHO YTBEPMAATH, UTO 3TH Aaliubie G1aTONPHSTOTRYIOT OCyDMEST-
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BleHHI0 Sn2-mexaHB3Ma, HO Ocraerci (e3 orBeTa BORPOC: KaKast 113
MO/JIEKYJ1 BOJBI YJACTBYET B IPOHCXOASMEH TRAPATALKE — W3 OCHOBHOK
MACCHI PACTBOPHTENS HAK 7Ke M3 KOOPAMHALHOHECH cdephl HOlla MeTal-
JAa, yuactyomero B ofmene? ClieloBaTesbio, #OL0GHO MEOFHM JIP Y1 HA
ROIIPOCAM MEXAHHM3ZMA ¥ 3Ta CTOPOHA HEHaJeXKHA NPH HHTEpPApE LALLM,

5) Cnoco6 obpazopanus Co{NH,)* 6eur nafizen [18] npy nenonw-
30BaHUM peaxiii {5.13), B KOTOPOM a3M1-HOH NPHMEHANH B KayecTBe
IeCTOrO JIKTAHAA

Co(NH,) N& 4 HNO, = [Co(NH)sNoNO+ 4 OH™ =
==Co(NHy)i " 4Ny 4+ N;O -+ OH- (5.13)

DBELIH H3YueHbl OTHOCHTENBHEIE CKOPOCTH 9TOTO NPONECCA ¢ pasnoolpas-
M anuoHamu, Hampanep Cl7, Br~, SCN™, F~, H8Q7, H,PO™,,
B ¢ H,O. Ofrapymeso HIM3KOC COCIBCICIBUC 3KCTICPHMEHTANbHBIX
JAHAEIX C pE’}}’ﬂbTHTEI\IH, MOTYTeHHbIME 7% pE‘.’::lK]-lPIH

Co(NHg}sH,0% 4 X~ =Co{NH,). X2+ + H,0 (5.14)

H, CIeH0BATe1bHO, IOKA33HO, 4To peakumst (5.14) Taxke nporeKaeT ¢
oBpazosanueM npomexytoudoro xaruosa Co(NHp)i* nwam xakoii-To
APYrofl uacTHibl ¢ aHATOFHUION peakluHoHHOR crocobHOCTEIO. B cooT-
BETCTBHK ¢ MHEPOOGPATHMOCTLIO 3TO NPOMEKYTOYHOE COCTOSHIR TOTKHO
TYacTBOBAThL B peaxLuH, obpartHoil npoueccy (5.14), T. e. B npouccce
TUAponn3a. Teu He Mellee U3BECTHH APYIHe SKCHepHMEeHTasibHbie 1aH-
ieie {191, paccMOTpeHHe KOTOPBIX NOKA3BIBAET, UTO OOBIUHLIN [HIPOIHS
{nanpumep, ruapoaus [Co(NH,;),NQ,I*+) re mowem mpotekats uepes
TAKOE JKE NPOMCHKYTOUHOC COCTORHNE, KaK COCTOARNE, BO3HAKAINee npH
ouciacaun  [Co(NFL) N2

Hoas pedawigs (5.10), B kotopoft L-L npeacias maer coGoil G at-
Hbli aMHE, BELTO NanJe10, uTo CKOPOCTH BOIPACTICT € DOCTON OOBCMA
JTAnaa,— peiviinTar, KOTOUPLIA HPOTHBOPEUHT S« Z2-VMexauusMy, 1o
COryIacyercs ¢ MCANAHH3MOM Syl

[Co(L-L),Clo}* 4 HO = [Co(L-L)Cl{H,0)]:~ - Cl= (5.15)

HApyroll, WHPOKO KH3YUCHHOR CPYNHNOR peakidil ABRJSIETCH THAPOIH
coelinenni mpanc-1Co'''en,AX 1, nas KOTOpHIX aMetiaeMol TPyTIHOR
spaselcs aurapl X . MecacnoBaubl H3MeHeHHST CKOPOCTH peakilHil
C1EPeCXHMUH {HUf HAN Mmpanc) TPOAYKTOB KAK HYHKUHH OF HPRPOILI
A, ¥ vcranoBJeHbl OlpETedeHIsle COOTHOWEHHA HH(OPMALHOHHOrO
xapakrepa. Ecan A upencraBasier cobofi NHy mma NO7, 1o nandse
CBHEETEJALCTBY K01 O MeXaHudme Sn2, B To Bpems Kak naa A=OH™,
Cl7, N7 u NCS™ Bosmomxken mexanusm Syl. Onpegejenre tuna mexa-
HH3MA B 9THX CJYUadaX CHJBHC 34BUCEJI0 OT JCTAALHOIO PaCcCMOTPEHHA
CTEPEOXMMHYRCKHE BOIMOKNOCTEH MPOMEXYTOUHOIO MJH AKTHBHOIC
KOMILIEKCA H, cfieloBaTeaLHo, ObUI0 KOCBEeHHBIM, XOTsH, BCPOSITHO, H
JAOCTETOMID AOCTOBEPHEIM A0 CBORH npupone.
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OcxopHoit THaposus. MuTeprupeTanys B10pOTO uyieHa ypaBHeins,
panpumep (5.12), BeI3Bana 1aKke MHOIO cnopoB. EcTecrsenHo, ero
MOIKHO TPAKIOBATL KaK BbIPAaXKeHHE HCTHIMHOIO SNQ-IIPOHGECEEL, fIpH
koropos OIT7 ocymecTBaneT iyhdeopuibiyio ataky Ha (o'l Oz-
HAKQ TAKNKE CJACIVET PACCMOTDETL BO3MOAKIOCTE U SnlCB-Mexauunsua,
obcyacientioro paliee C Apyrofl CTOPOHBI, HMEIOTCST APIYMEHTEL B 10Tk~
3y OBOMX NMPOHECCOB H ONPEJENCHHAS BEPOATHOCTE TOr0, YTO MEXAHH3M
MOKET WAMEHSTRCH A% DATMGHHEN KOMUVICKCOB, HO BCO Ke MEXAHU3M
S»1CB kamelcs soolile Gosee BEPOHTHBIM.

B Hexo1opbix caylagy, Ha OCHOUAHMI H3YYEHMA NPOCTPAHCTBEH-
HEIX 5XPCKIUB H I3 3ABFCIIOCTH CKOPOTTeR O, #1h TeOMIIBHOCTH yRO-
AAMMN FPY I AOCTATOLNC ONpeTIC CHERIM Kametes vesannsn SyI1CB.
JIpyrin apryMenTonM, MCOOML3OBAHHBIN LI MOTTBCDATCHIST Mexa-
unsma Sy1CE g006ue, CAYRAT 10 DOTOKEHHC, 9TO HeT NMKAKHX MpH-
yHH cyuTaTh, uTe OH~ SBAAEICH CIUNCTBEHHO CIIOCOOHBIM K JIEKTPO-
QUAbLHOH aTake Ha MeTajdl, JOCKOABbRY [OPH PCaKUUHX  INIOCKHX
KBAIpaTHLIX KOMILICKCOB (CM. 1HKE) OKA3bIBAETCH, YTO OH I?THCTJIHBO
npossIseT cnabyo HyKIeopHIbNoCT, No OTHOWeHHID K PUL

SnlCB-mexanngy ecrecipenno pedyet, yTolbl peardpyIOWIHE KoM-
nJaeke o0a41da 110 MeHbLINCH Mepe OMIHM NPOTOHEPYEMBIM ATOMOM BO-
JI0POAA y OCTAIOMErocs MHIAHIa 4 4TOOH CKOPOCTh PEAKHHH YAAJICHHS
NPOTOHA Gel1a JIOCTATOUHO G0THI0N M0 CPABHENHIO €O CKOPOCTLIO 3a-
neBbl nuranga, Ofnapy Kero, U4To CKOPOCTH NMPOTOHHOrD OOMEHa BO
MHOFMX KOMIEKCHY, CKIONHBEY 1 Golt EPOWY OCHOBNIOMY THAPOIN3Y,
B AEBCTBRIO S LROCTH OREPHo & WP pas BlLore, e ol 1 mIpoaus
luanpunen, B CotNIL)Cl4F u Coen,NITUI |

Tor daxr, 410 GCUOBHOM FHIPO.IN3 NPOTeKacT OHICIPee KHUCJIOTHOTO
{HANPUAED, 11PN NPOCTON | MAPATARKA), MOKHO OOBACHUTS NPH TOMOLY
S\ 1CB-anexannsMa, Ta8 kak NH7-rpynma B conpamKeHNnoMm ocHosa-
HHH MOMKCT ObITh JOHOPOM CROCH D4PHL +1CKTPOHOB HA OpOUTANH e-
TAATA, KOMICHCHPYS, C1eA0BEFCIBHO. KOODIHTIAILMOHAO HeHAChIuer-
HOMY HMOHY META1T4 B dhTHBHOM KOMILTERCC {HJTH B TIEPCXOMHONM COC-
TOSHUHM, B 32BHCH A0CIH OT TO1 0, KAKOE Nuisl HETQ UPCINOI0KENO BPeMs
WH3HA) ACTHUHO CLO 2TeKTPoHoIedunniBocTh. UINako H3BECTHB HO-
Kotopbie ¢iviay, notodnnie CriNHs)3', B xowopeix OH™ we BLI3BIEAET
3aMETHOTO VCRKOPCHUA THIDOIH3Z, HO OOBACHEHHA 3TOMY eule He Haf-
HCHO. 3

Crnexyer oTMETHTL, 410 B Ioab3y Sy [CB-Mexanusma cBujeresiber-
BYIOT HEKOTOPDIE PE3V.bTATLl, TOAYUSHHLIE B HEBOZHEIX DACTBOpUTE-
aax. Tax, peakildsi 14na

Coen,NO,Cl+ 4 Y~ =Coen, NO, Y~ 4+ CI=
(Y.—. Nj. NOY i S(,N') (5.16)

B IIHMETH.HC}..‘II}IPOKCH,ELE [IPOTERACT MERJAEHHC, ¢ [ILDUOAOM NPOTEXKERAA

HAMOOBHHY OPAKKA YAcOB, OANAKO 11pd A0GABACHHH CNSI0BHIX KOJH-
yecte OI™ unv nunepuiwHa NepuOlsl NIPOTEKaHHs PCakOuil HANOAG-
BHHY y\EHbINAOTCST 10 MHHYT. [locKoabky Obiio TakKe NOKasalno, uTo
peakuus Coeny,NO,OF* ¢ Y™ ocyiecrpascTcs MeT1eRHO, OTNagaeT
S\2-MexaHN3N, BKIIOYRAOLLHIA TOT KATMOH B KAYECTBE [IPOMCHKYTOUROH
CTAJHR, H B 3TOM Cayyae npeoliataeT HCTHRIL MexannsM ¢ obpasopa-
HHEM CORPSKEHHOTQ OCHOBANHIA,

[Mononrutebiple MHTEPECHBIE OOKAMIICTEATRA B HOAB2Y COMPHAIKEH-
HBIX OCHOBAHI (HECMOTPS HA TO 9TO OHY 1/ HMEKT QTHOLICHHH K BRIAC-
HEHHIO TOrO, MPOHCXOAMT JH 11aponns no Sni- win S\2-uexannsuy)
Ouiin nonyuenst npu vayuenmn 1200 axmusnoctn OOH™ B ocHOBHOM
rujpoanse. TNockonsxy OOF™ Godee caaboe ociioBanke, HO Hmeet
0oMbILYI0 HY KAeODHABHOCTE [0 OTIOWETHIO K HOHY Meraaaa, yer OH ™,
OCHOBHOI T'MApo.Tn3 nod tencTeuen OO lomskeH npoTtekaTh 3mayu-
TeILHO MeAteHnee {io cpaBreiinio ¢ OH™ ), ecan ero poib sakTioyaetes
B 00PA30BAHAN CONPAMKCHHOIO OCHOBAHKMA TIPH YJ21eNHd 1IPOTOHA,
HO ObICTpee, e O dTAakyeT Melali TOo HCIHHHOMY Sy2-hexa-
HR3MY. DKCHEPHMeRTaTbHble RalHbie NOATBRDKAAIOT NEPBYI0 10YKY
3peHus.

B zagmoyende caeayer ckasars, YTO A8 KOMTANEKCOE, HE HA@IOHLHX
NPOTOHMAYEMOTO BOIOPOHA, B Co0TBeTCiBHE ¢ SyIlCB-yexanusnom ne
MOKET yCROPATLCH 0fMeH IO IeAC1BHeM ocHORauufA. 1o 8 ofwem enpa-
ReMTHBO  (iKak, Harpumep, 438 2.2 -IHNAPHIHALHEX KOMILIEKCOB)
HO CYHIECTBVET 11e60IBIN0e YKRCI10 TpUMEpPOB, B KOTOPLIX Ten Ie weHee
HaGMIORACTCR pearuna Hepsoro mopsika no OH™. Onuun ¥ Taznx
npenepos o 1yxuT rEapoans Co(3ATK)™ wonamu OH™ . Briio upes-
NOJIOEOHD ()GE‘BBOBSIIHE CEAMMROORTHIALIIOHIOTD FIPOMCAN TOUHOTU KO-
nnexea (3. XAV, nockoapky rawke Opnio 1aillcHo, ITO KOMHLIE R
PAHEMIZNCTCH €0 CROPOCTLID TICPROrY soPdika o Ofl | Ho ¢0 tho-
POCTHLID floaLUIeH, yey CROPOCLE  HAPOIT 3. CE‘\iHI(UOPJIIH&ILHOIIHOE
HPOMEIKY [OUHOE COCTOAHUC NOXKe! ONHTL fepenotliTe B Cot9ATK) ™
0ez I1BAPOAN3d, HO C CONMYTCrBYILIEH pauesMHaauued

Peasuny nepexopa u3  awno-9opmul B auupap-opmy {ananmu).
MspecTunl peakuiph, Hp# KOTOPHIX aHHON 3aMEHACT BOLY B KOOD.IH-
Hanuonkoi cdepe, IonbiTry pasinunib Sy i- 1 SN2-MexaHaMEL BOOGiNe
okasaTucs 0es)creliHbiME BCACACTBYE TaKMX YCAOKHeHmit Hpolecca,



[
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KaK oGpasoBaHHe HONHBIX Nap WM O4CHB HEOOILIIAR CKOPOCThL Iepe-
X0ia (aHaUHM)} 1[I0 CPABHEHHIO C BORHBIM oBMeHOM. Utobel 130exaThb
BAHAHNAA GOPA30BAHHA HOHHEIX Tap, MOXHO HCMONb30BATHE AHHOHHLIE
KOMIUIEKCH;, OueHb MNOAXOAALIMM JAAS HCCHEAOBAHMH OKa3adcsd HOH
Co (CN);H,0%". KaaccHueckHMH Metoiavu 6wl noxasado  121),
4TO pearuxs (5.17) nporexkaer rnaBHBIM OGpasoM 16 NpUGIHKaLe-
Mycs K npeledy Syl-mMeXaHH3MY, ¢ [DOVERYIOUHBIM 00PAIOBARKCM
Co(CN) %, ofnagamolan I0CTATOUHO GOALINOL A PCLOT A WIS IBHOCTHIO
H{H3IHH, Y1000 rasimiay L JIIrad e, NPHCYTCTBYVIOIHE B pACTROpE

CotCNT LR = CoiCN)?— 2 1Lo {5.17a)
ColCN)e~ 4+ X - — CorCNy K- (5.176)

5.16. Hexoropuie QOMONHUTENbHLEE €OGOPAIKCNS

Hekoropbie peakuuy BHYTPHKOMIAEKCHWX coejunennil. Mayueno
Goabuioe wueao peaknuil Tpucokcaaatoxpom Il -nonwa |Cr(C,0,)1%"
H BHfACHEHA WHTEPCCHAH W Bonce JCTanbHas KapTMHA MEXAHH3MOB
pearuun. Hailaeno, 4to I'URPOIA3 NOAUKESIETCS CRGAYIOWEMY BhipakKe-

HHIO 3aKOHA CKOPOCTH peakuun [rpucoxcanaroxpon (111)-son obosma-
yen wkak TOC]:

{Cr(Cy0,4), 8 4- 21,0 — [CrC,0 N Hy0),f~ +C,02 ™ (5 18)
v=ky (HT|[10C] | &y [H 1| TOC) (5.19)

DTOT 34KOH CKOPOCTH COIVIACYeTCH {XOTH H e CORCeM OBOCIIOBAHHO)
C TAKOR NOC/IefOBATeNLHOCTLIO IPEBpPAILEHHi:

[Cr{C04)5 12~ - H30 ™ =[Cr{C,04),(0C05H) (H0) 2 {5.20)
[Cr (C,04), (OC,0,H) (HLO) 2~ + H,0 — ICr{C,0 ), (1L:0)1 - + HC,0;  (5.21)
[Cr{C304); (OC,04H) (11,0})*~ 4-H, 0% — [Cr{CL0,), (H,0%) - + H,C04  (5.22)

[Tpepnonaraior, urc peaxilud (5.20) GLICTPO HOCIHIdCT PABHORECHS,
ueM U o0bsicHaeTcst Haanuue [H™] B 060X unenax 1 paBHCHES 3#KOHA
ckopocTH. B takoM caydae peakuuH (5.21) u (5.22) seasdiotca ansrep-
HATHBHbIMH KOHKYPHPVIOIIUMH TNYTSMH 3aBepulenus peakuud. Cie-
JACBATeABIIO, ofe KOHCTaHTLL R, ¥ kR, Hpeicrasisior coGol NpoH3Be-
JieHKs KOHCTAHTHl paBHosecus (D.20) Ha KoucTautsi ckopocred peak-
g (5.21) u (5.22).

Buiia Taxxke nayyena peakunsi, obparuas peakuud (5.18), u ycra-
HOBJIEHO, YTU OHA ONHKCLIBAETCA 3AKOHOM CKOPUCTH

v=ly[ Cr(C;0,); (HOkel~ (6.23)

Takomy ciyyalo oTDeYaeT MeXAHMAM, LIPeLnQIaralouliil GLICTpoe Npy-
coenuneHue C,0%~ (5.24), 3a KoIOpbIM CJlctyeT MeIjdeHHAS CTalus
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. 3 1 ' OTO-
SAMBIKAHMS BHY IPHKOMITIKCHOTO (XeJaTHOTO) KOMbLA (5.25), Ko
pas OmpeieiAeT CKOPOCTH fIpolieccd B UEIOM:

ICRC,04)p (HLOL1~ 4+ Co03 ™ — [Cr(C,04) (0C:0:) (HRO)P~ 4-H,0 (ﬁ-’i?
[CHC,0 1), (0C,03) (HyO)P ~ ={Cr(C,0)5 P~ +-H:O o 23)

[MpomeskyTouHBE MPOgYKTH € OAHHM PA3OMKHYTHIM K%;[(};L::.\:,
APEANONOKENHBIE BLIIIE, GLT (0CTY AHPOBAKLL Tak#e H A1 M -aqal;i
Ma ofMeHa JUraHioR, KolopLift uyydancs ¢ HEIIOﬂbSOB%HHETHOKIEI 2 __%
C0%-, stevennero MG, 3agon chopocTd i ooncn.a B 06nacTH P
npy 65—85° BhipakaeTea  CJAeAYIONHM 0OpasoM:

o= kg [TOC]+ k5[ TOC] {11C,07] 4 £ TOC}{HA 14 &7 [TOCHH MY [HGOTH i5.20)

[ins1 o6BACHENNs STOTO TPeITOTOMMII CYIECTBOBARNE NBY X Otili‘:[l‘e[:ﬁ
YCTaIaB TUBAIONUACH DADHOBECHH, (5.27) u (5.28), u ueThipex Mg,l.ém.
HBIX KOBKYpHpYWOUWMX peariwii, (5.29) — (5 32), ROTOpEHIE OMPENE/
IOT CKOPOCTH TIPOUECCOB:

[CHC00 B~ 4 HaO = [Cr(C,04), (0C05) (HO) P~ (0.37)
Cr{Cy0,)s]*~ + HgOt = | Cr{Cy0,),(0C,0:H) (IO~ . (?‘;8)
[CHC01): (0C,04) (H0) 1 = - 11,0 = [CHiC05): 001~ + G ] {5.29)
(CHC,0)OC0NHON ™ 4 HCI07 = [Cr(Co0,) 0 0NHON™ - HEOF (5 30)
[CHC,0,) 0 OC,0H) (11,0312~ | H 0 = [CriCs04)x{H0)e} ™ + HC04 (3.31)

[CHC 0 (OC05H ) H,0) 14~ + HCH0,= 1 Cr{Cr04)2(0C20,H) (H0)P = +-HC,0315.52)

Craguu (5. 29) 1 (5. 31} COOTBCTCTBYIOT OGPATHLIM PeaKIusaM, KOTl'Opf)ée
nporexawt GUCTNO |ITPUeN KCNC1dHTA PARINBCCHA s peakilah (5. ‘ )
npH 32 paeHd ~ 70 HeoSyvodlIvo OTVCLHTE, T C’FH;LHH'(‘). 31) vicH-
THuHa peakumi (5.21) § NpPASWIABHOCTE OGOMX  LOCTY/IHPOBAHITEIN
MEXAHH3ROB J10Kd2hIBAaCIcs Tenl, HTO :1I(CHL‘[TH\IPHTEU’II)IILIE STIAHCHHT
ky # kg 8 NpE/IRTAX FOUHOCTH OMBITOB COBITANAIOL. ’
Eme onuoit peaxilueil ¢ yuacTHCM [Cr{C,0y);1*~ aBasercs pate-
MH34ALHS ONHOTO M3 ONfHueck#X HW30Mepos. (QOHapyieHo, UTG pauc-
MH3a1Hs [IPOUCAONHT MHOI'O SbICTPEE, YCM OCYHIECTBNACTCH ofmen OKca-
JTAT-HOHOB, MOCKOIBLKY  TIGAHAf paIlEI\IHBaHHH ]'IpOPlCXO,[[HT B TaKHX
VCIOBMSIX, LIPH KOTOPSIX Tie y1ae1¢s 00HAPYKATH 3AMETHOTO oMeHA JIK-
ranjop. CrefoBaTenlsio, paucMy3andsd ROIKHA Haﬁnf_ﬂaum 6es ocBo-
Goaenna auranta. Tor acrexr xmvun [Cr {C,0,),1%" Gyner paccmoT.-
pelt B AanbHeHuieM TIPH obiien oficy JUCHKHH paueMH3anud TpHC-BIyT-
EKCHLIX COeJHITeHY. "
pHKI()];EIgmnsauuﬂ TI’Z_!LHC-BHyTpHKOMnJIEHCHlllx coefluHensH. Cyulec"rlsyt
er BOJbLIOR WHCAO Ciyyaes, 1OMHMO [Cr(C,0,},F , Ana KOTOPBIX
URBECTHO, YTO PAUEMMAUMS TPHC-BHYTPHKOMIICRCHIX c‘oep,nuesmu H;-
Opiogaerca Gez MOJIHOTO Orpblsa Kakoro-iubo surasga. Jax STHE
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nponeccos ObliM  PACCMOTPEHBl HECKOILKO BOIMOMHLIX MEXAHHIMOB,
BAXKHCHUINE B3 KOTOPHIX RaKMIOUAlOrCH B 1) TPHTOHAALHOM CMEIEHHH,
2) TeTPAroHaJLIIOM CMEMICHHH M 3) MCXAHU3Me ¢ MATHKOODAHHALUOH-
HbIM DIPOMCHKYTOUHBIN COCTOAHMeM. B ABYX 1i€pPBBHIA HC NPOHEXOAUT
paspuiBa Kakux-1400 cpazell. JTH MEXAHHIMbL CY¥eMATHUSCKH [0Ka3i-
ALt Ha pue. 5. 6.

N

PZ'U

Pne 56 Casunt Y hIPeX BOGMOMUEBLX AEXATIHINMOD BIN TRHAO LEKL ] EP'IOI':I panesn-
AU IPHY VB THBLA RO TORCUE

U—TPHIDM 3J1hile CMEUECHIC G — TetparolaanLuoe CMCILCHAR, S—DPaCcKpLITHE KOALUA B TIPOMO
HMYTOUNG. Ohpa I0BaNHE TRINOHIILHON GHIEPAYTANDL, & — PECKPLITHE KONLIE H MROVMeKYTOUHOC
ofipazoBaane OKTASARHIECKOH ROHE"}!II}’DJLLIIH, COMBHITH POBAHHON PacTHODHTLACM

[Mo JAaHHBIM  HCCAEAOBAHUII  LEPErPYHIHPOBOK  Pa3HOOGPA3HBIX
TpHC-fi-KeToenoAATHBY KoMnnercos meronamu HMP |22] momuo caenats
BEIBOI, UTO pa].L(’mH?:ﬁIl}{ﬂ H ApyTHE peakudd H3OMCPH3IANKWH TTOJNMKHEBI
OPOHCXOINTE Opu 00pPA30BAHMH NATHKOOPIMHAIMOKHOTO TPOMCKYTOU-
Horo coclontus. JLIa M3y iICHHBEIX KOMITERCOR TePexOiHBIA \MCTAMLIOB,
BEpPORTHO, 00e peakliuy, npeinoaaraioulie CKpyYiBaiye KOMIJIEKCOB,
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o0aafaol OTHOCHTEILNO BRICOKHMH 3HePrHAME akTHBaudi. OnHaKo
HC HCKJIOUCHO, UTO ANA KOMIVIEKCOB HETMEPeXOIHBIX 3AeMEeRTOR (Kolla
BKJA[, SHEPTHH CTAaOHAN3ALHH 34 cleT d-opGuTaliel oTCyTCTBYCT) ¢ mpou-
HBIMIT CBSIZAMH  MEXIY MCTAIAOM H JHPAHZOM NPEAHOUYTHIe/1bHBIM
MOMKET 0KazaThed ONMH U3 MeXalu3Mos, CBASAHHBIX ¢ Asdopuaunefi
KOMILIEKCa.

B nurepatype, KaweTcs, 00CYMAAACH eNMHCTBEHHEN MEXaHH3M,
npuseseuniit 4a puc. 5.6,6, KOTOPLI DPOTEKART ¢ PACKPLITHEM UAKAA;
BMCCTE C TeM MOKeT NOKA3aTLCH, 10 MeXaluaM, MPeACTanJeHtbil ¢xe-
Mol 5.6,2, Myveer nexotopuie ZoctouucTBa. OH HCKJIOYACT KAK IOrepio
sneprup crabnansaunn d-opGuranefl, Tak ¥ DOIEPIO IHEPFHH CBSA3K
NpH YCNOBHH, YTO PACTBOPHTENL 0OJAR4e1 NOHOPHBIMH CBONHCTBaMH.
B nclic184TenbaocTn of OTIHYAETCH 01 IEPBLIX TPEX TEM, UTO ITPOMEKY~
TOYHOE COCTOSIIIHE MOXKeT OGJIa,'[aTb HGKOTOpOI:I OROAOTKRTCALHOCT BIO
HKU3HI, T. €. MOMKeT OUTL HaCTOALIUN XHMHYECKHM COSAHHEHHEM ¥ CO-
OTBETCTBOBATH CKOPEE CETMOBH 1HON TOUKE, UeM MAKCHMY My HA SHEPICTH-
uecKOH KPHBOH. Tpu JAPYrux mpOMEXYTOUHBIN COCL08HUA € Boablied
REPOSTHOCTLIO {1PCACTABAAIGT COODH AKTUBHPOBAHHEIE KOMILTEKCH,
T, €. COOTBETC1BYIOT MAKCHMYMAM Ha IHEPIETHYECKHX KPHBLIX

Hpu pavesuasaunn [Cr{C,0,),1°" wexanusM, BepoATHO, OTHOCHTCH
K THIY MCXZHH3MA ¢ DACKPBLIIKHCM LHLIL, TaK KAk GRLIO MOKazaHo, uTo
BCE aTOMEl KHCICPRNTa COLCAN4T-HOHOB OOMEHUBAIOFCH C BO,’[OFI-])E[C'IBO-
PHTEIENM CO (RODOLCIRID, 60.."[])[].1&‘?[, e LHODOC1B OOMCHY OKCAMAT-HO-
nop, HO [IO4IH PABHOH CHKODOCTH palleMHIELHK. I'[CCMUT])FI Ha TO 4UTO
A8 STOTO NPEIUIONEH MeXalinaM & (pHC. 5.6), KaxKeTcs, YTo # MEAAHH3M @
TAKKe BECbMd BO3MOKEH, MPHUEM, BEPOSTHO, Ol BKATOUAET nhpasoBatie
TOrC Me HPOMEKVTOUIIOTO COCTHHCHIN, UTO U B vpaeinewnu {2.27), ne-
noTe3vi CBOHCTRA Byl Kdbk JIIITAHYAH

TPH(}BII}"I PHKOMILEKRCHBIC  COERIHTIEITHY PATIERMI3VIOICH  WHOTIA C
HE3MEPHMON CROPUCIRIO B B IBePIuv cocionbunil. Doo usyvueno [23]
BAMSTHHE NABJEHMH HA cKopocTe pauewmsanuu I [Co,0)),], npuuen
GLI0 OGHAPYKCHO, UTO CKOPOCThL E03PAC/Raent ¢ POCTOM AaBJCHHA, H
NONYYEHO 3Hauedwe ofbeMa axrtusauuu okoao — 1,5 ma/moss. [lo-
CKO1BKY KAMETCH HeBePOATHLIM, XOTH H He a6CONOTHO HEBOSMOMHBIM,
yT'o0b! APOMEXNYTOUHOE COMIOAHNHE, NPHBEIRHHOE JAH MCXAHHM3MA HA
pHC. 0.b,s, OpHBETO K TAaKHM pesyabTatad, [PegnoJoMuIn, UTO B
3TOM CJIyUae NMpoUece NMporcKacT Ho Cxenan, llO,“IOGHbl\i HSDﬁpaH{eIIIIH.‘\l
Ba puc. 5.6,0 uu 5.6.6,

3nekTPOPHAGHAR aTaKa AHravpos. MspecTHb HEKOTOpBIE PEAKIIHH,
NPH KOTOPLIX 0BMCH JUranpgoB He BEAYAC] CTAIHI paszpuLiBa cBAsel
METAAA — JIMI'aHl, i B\MeCTO 3Toro OCY ICCTRAAETCH pPas3pLiB cBASe
BIYTPH CAMHX NHTAHLOB #H HOBCe ofpasoBaHue cBsazed OnuuMm H3 XO-
POIIO H3BECTHBIX NPOLECCOB TAKOro Poid ABAAETCH THIAPOH3 KapOoHa-
To-KoMirekeoB. TipH acnonbaogaduu mevenoit soan H5O Obiao obna-
Py EHO, 4TO B x0fe peakuud ~ O coBepwISINO [ie BCTYIIAE1 B KOOPAMHA-
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LHOHHYID cepy Hora
[Co(NH,);0C0,] * +211;0+ — [Co{NH,y),{H,0)? +2H30+CO,
Hanfioiee BeposTHRIM OVTH NPOIEKARHA 3100 PeakuLuu — aTaKa
HPOTOHOM aroMa KHCI0poZa, cessanHoro ¢ Co, © NOCICAVIONHM Bbi-

GpacpiBaiien CO,, 338BEPLIAIOLLIMCSA 1POIOHHPORARICM THAPOKCO-KOM-
nnekca lypasuenne (5.33)

O
/ +4t +
€o(NH)— 0O C — = [COINH 3 g=0]3" s FCo{NHa} L H 0P 3
53
H* 0 III l
/o
H \H

Aepexuance cocroanve

Ananornuse uccacsopanue peakusw NOT © DeHTAMMHIAKBOKO-
Ganny(111)-nonom np nomolizu MEYEHBIX aTOMOB NOKA3a10, YTO KHCJIO-
PO, NePBOHAYAILHO colepxkagiuiiica B 11,0, leokulanno oOKasbl-
Bacrca CBA3aHMbIM ¢ NO; 3Tol N0pasureibHBIK PEIVALTAr MOMHO
OBBLACHHTD PSLIOM [10CIE10BATCABHEIX peakunil (5.34)

2NOy” -+ 8HT = NaOz+ H0 {5.34a)

[Co{NH* OLI?Y 4 N0y ——s [ (NI 1,00 =20 H gl 1on

Ok + ONU
[Teperoanoe CoCTOMIAS

HINO, + [CoLNIIs)a*ONDJ“t‘mECU(NHa)s{NO"O)]H'
(5 340)

9.17, Wiockue KRAPATIHE ROMIFCRERT

Mexanuam peakuMu sameubl snianfa. Jlousa 10CKHN KBAAPalHbIX
KOMILICKCOB RPOGICMBI VeXAHW3IMA NPOHIC H, CIelusaTedbuo, Goiee
HOHATHE MOMHO G:KH 14T, 9T0 YCeTEIPEXKOOPAHHHPOBAHTIBIE KOMIAEKCH
6ynyr Gojee CKAOHHM K peakumsaM Sy2-MeXallH3ma, ueM OKFasgpH-
YecKHE KOMIIEKCH!, # 0OCTOSTEIbHBIM M3YUeHHeMm xommnekcoB P!
ObLLIO [OKAa3aHo, 9TO 3T0 ASHCTBHTENBHO TaK.

Jins peakuuu tena (& 35) B BOAHBIX PACTBOPAX 33KOH CKOPOCTH NpH-
HuMAET O0HLYIo dopMy, AaHHYI YpaBHeHueM (5.36). INogarator, uto
BTOpOH UJMeH yp4BHEHHWA COOIBETCTBYET HCTHuHoi Sn2-peaknau Y ¢
KOMRJEKCOM

PtLCHT 4+ Y =Pt QF Ay +Cl- {5 33)
U=k |PL,CH T3] + 41 [PEL,CIT 2R Y] (5.36)
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B TO BPCMST KaK NepBblil uieH npefctapiser cofol IBYXC1alBiHBI 11po-
ngee, B Koropoy onuy Cl™ ciauana zavenserea Ho,O (sepoaTno, 1avme
no Sx2-MeXauusmy) CO CKOPOCIblo, oipeRensiomet ofityio CKopoCib APO-
B1eCCA, @ 381CM OTHOCHTENLHO ObICTPO 1poHcXouHT 3amena H,O na Y.

BblIo Halineno, YTo CKopocTs peakluu (5.35) B PAAY HETHIPEX KOM-
nnexcos, B kotopelX L=NH, u ¥ -H,0, mengeTcs auins B 4BA pasa.
Zho HeoOBIYHO MAJ0e H3MEHEHHC, TaK KaK 34pA1 HA KOMAJEKCe M3me-
agercd oT 2-— no 14 npu wamenenuax n ar 0 go 3. Tlockoasgy paspua
cpsas Pt — Cl B sTon pARY Nomken cTaHOBH16CA BCe G0Jiee 3aTPyaNeH-
HBEIM, B 10 BpeMA KaK [PUTSXKEHHE ATOMOM HJatHHbLL HYKIeoPUIEHOR
YACTHLE JONMIO BOBPACTATH B TOM JKe Nopagke, dakTHYecKoe noc-
TOSHCTBO B CKOPOCTH CBHEETENLCTBYET B IONbL3Y Sn2-MexaHusMa, IpH
KOTOPOM Kax paspuiB cpsisH Pt—Cl, Tak n ofpasosanne ceszn Pt OH,
UMelwT CONOCTABHMOE 3HAYCHHe,

Boiipoc o ToM, caedyeT Jgu pacCMarTpHBATHL NATHKOOPLHHHPOBATHYIO
yacruuy PtL,Cl,_, Y xaK xuMHUECKOe EPOMEXYTOUHOE coelulieliHe niy
TOALKO KaK aKTHBEBIH KOMIEKe, octaeTcs Oes orera [loCKosabky
HCXOAHBIR KoMmiltexe oflafaey He3aHATOR 0pOHTANLI0 BATEHTHOTC YPOB-
i, ¢ KOTOPOoH MoeT ObltTh cipazoBaHa nartas cBask Pt — nurana (ow.
B pasA. 30.M.1 oGeyxaenie nsTH- M IICCTHKOCDAMHALHOHHBIX KOMILTEK-
coB Pt, koroprle yaaercst BLLIENHTD), TO H EpBast BO3MOKIIOCTE 1 pedyeT
JOHOAHHTENLHOLO PACCMOTPEHNA

HMntepecho, 1o CKOpotTd peakLiM B psxy Komiexcos [MCI(o-
toaud)(PEL),| ¢ nHPUEMHOM YDeSBHMEHHO MEHAIOICH NPH H3MEHEHUM
metaila M. Ornocutenbnrie ckopoert mast Ni, Pd u Pt papnnt 5 10¢
(107 0 1, uTo, K&K KameTC®, HAXOIHMTCS B COMJIACHH C O1HOCHTCALHOH
JETKOCTBIO, ¢ KOlOpOﬁ HONL! 3MHX METAIOB Y BETHHYHBAIDT (BOC KOOPTH
HaLMOINoe Yucao 0T 4 10 6, Kak 3T0 MOXHO 3aKJ0ULb 3 B cOUen
XUAITHECKOH AaPAKICPHCTHRY

HE‘CMOTIJFI Ha 10 410 40 CHX NOP MAA0 YTO CTETAHO LIA NIPAMCIO 10-
Ka3Q1CAbCTBa, CHUTAKOT, 4YTO, BepoATIo, SyZ-viexallHaym [pHTcTIeH
Jts peaknyil ITOCKHX KBALPATHHIX KOMIJNEKCOR, OLAHYAKIIHXCH OF
romnsiekcoB P, 1. e. anst xomnaexcos Ni'', Pd!, Rh', Ir' w A

[To nryxkaeopuabHofi cuie [T. €. M0 BeAHUUHE KOHCTANT CKOPOCTH
%, B ypassenun (5.36)] MuraHab, yYacTBYIOIHE B PEaKIHH 3aMELIEHHSA
y Pt'!, obpasyw caeayiomnin pan.

F=~H,0~0H- < Cl~ <Br~~NH, ~oxedunnt < CHNH; <
<CH N<NOZ <Nz <1~ ~8CN-~R,P

2T0T NopaI0K HyKJAeo(PHILHOCTH 10 oTHOWeHMO K Pl Suua npeimerom
MHOTOUMCICHHBIX JHCKYCCHE, $ICHO, UTO OH HHCKOJALKO He ¢BR3aH ¢
MOPAAKOM OCHOBHOCTH TI0 O1HOWIEHHRIO K APOTOHY, TAK JKe K&K H He
01paxkaeT IMpoCTHIX 3NeKTPocTaTHUeCKHX 3perios. On or.uvdercs
TAKKE H OF NOPAAKA, OGHAPYKEHHOIO A5 MPOUECCOB, KOTOPLIE HACIOT
MecTo 1IpU HYKJeo(MIbHOR aTaKe APy THX yactuy. Ha cBoiicin auraigor




204 FJABA 8

gTOro paja, oyeBMAHo, Haubolece BepPHO OTPAXKEHH MOASDPHIYEMOCTH H
OKHCAAEMOUTD,

Tpanc-sananue. 270 BARANYKE TIpeACTaBAgeT CO0OH cnenuduuecky o
0cOOeHHUCTE peakUHfl BaMellieHHsl AHTaHIoB B IUIOCKHX KBaJpariibix
KOMIEKCaX, KOTOPOe HMEeT MHOI'D MEHbUICe 3IaueHHe A5t OKTadApu«
UECKHX KOMILICKCOB, 33 HCKIIOUEHHEM TeX ofofhlX Cayddes, Korja Ju-
ranfamu Agasies CO (wag NO) und worza ects M—0- pau M=N.
cBAsn (oM., Hanpumep, pasi. 30.0.9). BoabumnctBo pador GuL10 BLNOA-
HEHO ¢ Komiexcamu Pt uucno w pasnoo0pasHe KOTOpLiX BEAHKO
Y KOTOPRX ACBOJARHO yAOHNAA IAH M3MEPEHAN CKOPOCTL peaxudil.
Paccuorpus ofmee ypasueuue (3371

(PALX 0~ LY~ — [P{LX, Y- L X - (5.37)

B npocTpancThentioM OTHONIRHMH BO3MODKIE 7Ba NPOAYETa Peanitin
C wuc- B mparc-oprenraikell Y othocuTeabho L. OfnapyxeHo, uTo oT-
HOCHTEALHLIC COOTHOIEHHS H 1{c- 1 MPaHE-IPOAYKTOB B 3aMeTHOM Mepe
sasucsT of L. Dogee Toro, peaknued tama (5.38) MOKHO FONYYUTD
onud uan oda wromepa. Haliaeno, uio Kak A% 3THX ABYX THHOB PeaK-

I L K*{ - 1 ‘(“l - L Y 1
% Ny N
Pt Y- — X~ Pt e pf (5.38)
AN A AN
L X L Y. L X

U, TAK H AAA APYIHX 10BOJIBHO OHUHPHLIL Psijl AUraHA0B MOXKHO
PACHOMMKHTE B Ol pefleJeRITOM OPSIIKe B COOTBETCTBIH ¢ HA ClI0coGHO-
CTBIO K 22METHRNAID B AIPUHC-TIOJONREIING K YIKe HWMEIOLeNMYCH TAKOMY
He JHFAHLY. DTO HeoOUHOe SRACTIE HIBCCTHO MO HA3BALINCM MIPawC-
sihhexma (mparc-sausanus)”. Takofi psaf AMraHaoB HMeeT CiIelyVIOUIH
BRI '

HO0« OH - < NHy< Clm < Br~ < 4= ~ NOj ~ PR <& CO = CH, ~CN -

Praw mpaxc-s§peRTOb 0Ka3aa0Ch CUeBL NOJE3HKMA B YCOBEpiLeNn-
CTEQRHIHMK H3BECTHLIX CHHTETHYCCKUX WMETOR0B U B DA3R360TKE HOBLIX.
B KkduecTBe MPUMEPE MOMKHO PacCMOTPETL CHHTES (ue- ¥ MpParHc-H30-
mepoB |Pt(NH,),Cl,]. Cunrea wuc-naonepa 6bL1 BEnoAnen odpaborkol
arauagom JPACHI vosa [vpepnense (5.39). HMockoasxy Cl7 wmeer

Cl o a_ cl MM
N . / N
Pt DA - MR (5.39)
PN VRN 7N
o Ca o of  NH,

Gonbllee mpanc-Hanpasasonlee BausHue, uen NH,, manosepostio, yre

* Dib@exr mponc-PIASERA ObIJ OTKPRIT. UTAPOKO H3V4eH ¥ HCHONLIORAH Lad
CHHTE3AQ HOBLIX HOMINEKCHEIX coendueHni akajedurod M. M. Yepusepnwr.—
s, ped.
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sametenne NHg BIPHNHCL, | "6y et npoMcXOilTh B MParHe-TI0N0MKEHTHE
Kk NH;, y&e umenomeMycs B KOMAEKCe, H, ¢Ie0BaTelblo, Goace 67a-
ronpaATaLi Ovier obpasoRaliue wuc-uzoMepa. Tparc-aaomep OBl 110~
ayuen peficrenen Cl7 wa [PH{NH), P [ypasuenue (5.40}. B aaunon

H,N /NH;i H,N  NH, Cl NH
B N P N
oy 97 bt BN Pt (5.40)
AN AN AN
HNT NH, HN Gl HN

CAVIae HPEeBCCROACTRBO mpaHc-nanpasdromero sausuna CI nosre-
yer BeTYILIeHHe BToporo CIT B mpanc-fioNoKeHHe X AepBOMY ¢ 0GpPa-
sopannen mpanc-|1Pt (NH,),Cl,l.

TionwITKH CO3AaTE TEOPHIO MPAHc-BARANRUA UDEANPHHUMAIHCE B Te-
YeiHe MBOPHX 18T, ORBAKR0 HA HPOTHKeIMYE BCETO STOVD BpEeMEHH OCHOB-
HOl NOoMeXof 8h10 OTCYTCTBHE NIPEICTABACHWH O MOXAHH3Me pedKUMil
sametneinsa. Teneph, KOTAd YCTaHOBAEHO, YTO Onpejedsionel CKopocTs
CTYTIEHEBIO ARINETCH XapaKTep Sx2-MeXaHK3Ma, TCOPEeTHIECKAas KapTHHa
npouecca ARAUMTENLHG Dposfciuaack. Haudoaee panneft Gelna Meleat o
TOM, UTO MPAHC-HATPABASIONIAH COOCOOHOCTE JIHTAK1a CBA3aHA € ero
Tenjienutic oc1aladTe CBA3L TUrAHIA B MIPAHC-TTIOI0KEHHH OTHOCHTETE-
HO camoro ocOn. COBCOM BENaBHO OBAD 110KA310, 4TO CNOCOBNOCTH
JUradaa oTTATHBATE (AKUENTUROBATS) diT-318KTPOHW 0T aroMa MeTALId
AOMKHA YCHIMBATEL TeHACHIHIQ BCTYNZIOWETO HYRJSO(HIA MOLXOLHTD
B MIpAHCc-TIOA0MKEHHE U JAO/MKHA TAKKe CTa0HIH3NPOBATE MATHKOODAH-
HAUROHHBLIT aXTHBHBE KOMHABKC, TEM CAMBIM TOHWKEn SHEPINID ax-
tHBatuy. Hockoabky Sy2-Mexauuzi ipennoaaraer Kax odpalosanie
CBAIN C BCTYHAWLIMM JHTAHION, TAK ¥ ocaa0JeHde CBARH ¢ THTAIIOM.
BOABEPTAKIAMCS 3axedledlno, oba 3Ty LONOKeHNd Tanug reieph oT-
PAKEIC B OOANOHE TROPeTHYECKON KApTUHE,

B nacrogiuee BReMst QUEBHAKO, YTO BTOpPOit daxrop npeobaataer B
BOJLNIBICTRE CJAYUYAEE, B KOTOPHX Mparc-BIHAHHe Beanko. Caedyer
OTMETHTh, UTC KCPPETALNA MeKIY TEPMOTUHAMHYECKOR VCTORUHBOCTEIO
UPOAYKEOR peakiiil 3aMelietHfl # CRODGCTLIO, ¢ KOTORAH OUY ohndayioT-
cA, BooOUIE OTCYTCTBYET, uTO CBHAETEILCTBYET 00 VCUJelHd BIHAHHA
ocnalielind CBA3H M YBEANYCTIHS NPHTAKEHH HYKIeohrIa B aKTHBHOM
KOMIKIERCEC WAH B NICPEXOAHOM COCTOAHRAK,

JlUranan, MPURAAZEKAUME K MAJOAKTHBHLIM, B DALY MPoHC-3¢-
(peKTOB PACOOAOKEHE HOYTH B TOM e HOPANKE, 410 H B pdAjlax, oTHO-
CAMEXCA K HYKASOPHILHON cuMte ATAKVIOUHX JAHTEH]0B, a 3TO B CBOIO
OUEPENL YHA3pBaeT, uTh B oDoMX paAiax OoALNOC IHANETING UMEeeT
OAAPH3YeMocTh, TRYIHO © JocTaToulof CTPOTOCThio OGBACHHTL, KaK
LHOAAPH3YEMOCTL BAHAST Ha ocnabijeHpe cBssHd Jddrapia B mparc-
noagmkedyy. Hautoaee npocTo MOXKHO JOKA3ATL, UTO €CTH B KOMIISKCE
MX,Y gurasg Y uneer GONbIHVIO GOAZPHAVEMOCTL, ueM X, 70 pac-
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npejieeHHe HABEJRNHRX 34DSAKOB MOxkeT OBIThL TakiM, K4k TOKa3aHo
dpopmyson 5. XXXVIII, u, chenosaresanno, X, HAXOAAGHICA B MParC-
AoJ0KeHnH K Y, 6yReT HCNLITHIBATE NOBLULEHHYIO CHTY OTTAAKHBAHKA,

T. &. CBH3b CTanel chabee

m

L
5 WAL

JTIOBOIET, TIOT BEK IAIOLLHC CIOCOOHOC T, JHTAHNOR K K-CBSIHIBAHHIO,
MOZKHG ciopMy JapoBath Goaee noApobro. Ecid onpetescinpii Juramy
B UJIOCKOM KBagDATHOM KOMIUIEKCE KMEET CHABHVIO TCHAENIQ OTTHA-
rBaTh HA CBOKW m-0pGHTAIb 2NCKTPOHbI, NEPBECHAYANBHO 3aCCITINNIHE
dy .- BAK dy,-0pOHTANN aTOMA METania, 10 2MeKTPOHNAR INOTHOCIh

/ Y
X L~—/Pi/

X x ! bd

X
- L

Puc 57, CieMd BIHAUHA CHABIOAKIe TAPVIGUTEH T Gpdd1a 1 v siifdnia L oHa o71-
TATHBAHAE ICKTPOHEOH NNOTHOLTH HA oY OpfuTalh HOTOP2H OOBNEBO OKd43LIBALTCH B
MPANC IIOINEEHAN K GITANTY, w10 AeTke1 061acT BOIR I 31010 IHTAIIA B HIDAKC TI0-
NomeRay H0mee oL 1Y Mol T4 ATdKIT 1Y KBeOdH TLHOM TPy TR 4 IeM CAMEIM \ et bIiaeT
SR T OTTa TKHRAKKS & »ICRTPUHOB 11 JHIHTAY X' B ¥ 7 Lepexomiiod coLiosibHE,

BLIIe B HUMKE CBA3Y MEMLLy HOHOM METALAB H JMI dBACH, HaxORglAMes
B MPAHL-TIONOREHUE K YIIOMAHYTOMY JHTAiY, YMEHBUINTCA, UTO B CBOIO
OuUEPCAb ¢/IeaeT 5Ty 06jaacTh NpocTpakeTBa Oosee AOCTYIIHOH AN ara-
KYIOLWEro HykaeoduabHore Jdtasia (puc & 7). Kpome 1oro, naiuxo-
OPHHNANUOHEBI AKTHBHBIH KOMIJEKC OYNeT B NeHCTBUTETHHOCTH CTa-
GHIM3HPOBAH TeM, MTO AHTAHE L Gy ACT OTTACHBATD HTEKTPOHNYIO HJAOT-
HoCTh of d-op6urann d-Opbutans uMeeT Ape A0, HanpasJeHnbe 601ee
HAH MeHee UPSMO M0 OTHOUIEHMIO K BCTYIIAIOUIEMY JHTaHAY Y H yXo-
JsinesMy araasy X', Korga snektpoiitian mIOTHOCTE OVAET OTTSITHBATD-
¢t OT d-OpONTaNK, CBA3A C 31HMU 3BY MA AKTalAaMH CTaRyT Oonee nmpoy-
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Abivu. TakuM 06pazoM, YCTOHURBOCTE ARTHBROTC KOMILICKCA TIOBLICAT-
Cf H SHCPrus aKTHBAIHH IO 3TOMY ITYTH yMenbuintes. Huxaxkua notob-
HBIX 5(MPEKTOB He CYIeCTBVET, €CTH Y NMPHONHKAe1CA W 3aMEIIAeT OlHH
w3 X B HUC-IIOAMKEHUN IO O1HOmen o ® L

C oficyxnefAneM pe3vibTaTOR HEKOTOPHIX HENABHHX dcciefoBaniu
crexTpoB AMP-F y- u a-¢ropdenuneipx goamangercor Ptil, xotopbic
JAIOT BOTOAHUTENBHLIE CREIEHRA O 7T LBSILIBAIMK U BKASAR MOMADPU3A-
UHE B MPAHC-BAKSHHE, MOXKHO NO3HAKOMEHIECS B pasa- 30.11.1

HokazatenbCTBa CYIIECTBOBAHAS MPAHC-BINAHUS B OKTAINPHUCCKHX
KOMIJEKCAX OFpaHKyeHHR B KOMHIJEKCAY, COmEPXKAMX CHIBHBIC
m-aRuerTopiple auraniel {nofctnpie CO), cyMECTBYET TeHleiing K
obpasopaHKIc MPOAVKTOB, B KOTOPHIX TPyNnsl OKA3wBAlTCA CKOpee B
uc-, YeM B MPOAC-TIOJOKEHHH, YToGhl KaXcIafd #3 HHX MoJy4Ynia ma-
KCHMA/JbHYIO Z0JI0 HMEIOLIHXCS V MeTa11a dit SJIcKTporoBR {past. 27 1)
Onnrako He YC14HOBTEHO, ABJACTCS JIH 3TO NOJLTHHHBIM KHHETHUECKAM
BAHSHHEM.

MMoayuens Hekorophe SKCTIRPAMENTANLHHIE AABNWC, KACAWUHECH
mpanc-pranns B 6onee oGRMHBIX KoMnaexcax {241, Ho He BoIIOTIEHB!
JCTabHbIE HCCICIOBAHHS, B NAHILC HHTEPHPETHPOBAKE He T3K, KAK
10 CACARHO AAN TOCKAX KBAIPAINLIX ROMIICKCOB,

5.18, Poaxupn HEpeHOGH BIERTPOROR

Haspangbie peakiiii MOKHO NORPA3IEINTI: HA ABe OCHOBHEE IPiyIl-
nsl, 1) peaknuy, B KOTOPBIX HEPEHOC 3JCKTPOHOB 1ie BRI3LIBACT HHKARHX
YHCTO XHMHUECKMX HWNMEHEeHWH, H 2) peaxiiuy, B KOTODHIX APOKCXOAAT
XuMHYeckue m3ncHennsi Ileppole, HA3RMacMue TPOUECCAMH JALKMPOH-
HOCO O6MEHE, NOKHO NIPOCHCIWTL [0TLKC KOCBEHHBIMH METONAMH, Ta-
hEMH, Kak METON MEYCHBIY a10MoB utu A MP? Bropas 1pynna peakuuil
OTHOCHTEA L OOBIYHBIM CKHCAKHTE ThHO-BOCCTAHORKMIC ThERINM, H HX\
MOKHO HCCHe0BATE MHOTHMHA CTAHAAPTHRIME PUIHISCKHME B XBMHAYECKA-
MP METojaMK VIHTEpecHB! NPOLECCH AEKTPOHHOTO 0OMERa BCNSACTBHE
HX OCOGEHHOrc YROOCTBA AJISL TEOPETHYECKOIrC H3VUEHHS

CymecTsy 10T 1BA A0POLIO YCTAHOBJNSHHEIX MeXaHH3Ma IeKTPOHHOIC
ofvena. B oquoM U3 HAx K4RLIE KOMUNEKS CORPAKAET BCIO CBOIO KOOp-
IMHAUUOHHYIO 000JA0YKY B aKrMBHOM COCTOSHHMH, ¥ 3JEKTPOH AOMMCH
OPOIMKHYTE FyHHeThHbIM 3thieKTom cxkBo3s obe ofosouku  EctectpeH-
HO, [P 3TOM COBEPUICHHO He YTREPIMKAACICS, YTC OLBE H TOT e 3JeK?-
POH YXOIHK! OT OTHOro HOHA MeTadia W NPUNOMNT K Apyromy. Flo BTO-
pPOMY MENZHHM3MY (YUIeC1BYeT NO MeHbllell Mepe ORHE arov, obtril
1517 o0eH: KOOpAMHAUMGHEBIX 000ACYeK B aKTHBHOM KOMIIEKCE, H 0bLI-
YHO MOCIHKORBII 4TOM (HJI! aTOMLY) fIEPEHOCHTCH BMECTE C B/IEKTPOHOM
STH MeXAITHINbI HAZBEIBAIOT COOTBOICTRCHHO MGHAP WREM, G RO P=
CPepHbiM, N MOCIUKOBbLM, UJR SHYMPUCHEPHIM, MCXAHIBMIMN,
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TyHneabHble, Wak BHemHecepure, npouecck, Ouepunio, sTOT
MEXaHHU3M CHPABELNHB, ecjaH ¢fe yacTHLB, YVYacTBYIOUIHE B DEaKLiMH,
MoABepTaloTcs peakuuaM ofMeda JHTAHAOB HAMIOTC METEHHEe, YeM
3ACKTPOHHOMY fepenccy. Bo wmuoryx cnyyasx peakuuu OTHOCATCH K
1THIY NeKTponnoro o0Mena, 7. ¢. OdH MPOHCXOLAT MEKIAY YACTHIAMH,
KOTOPLIC NPEBPALLAIOTCS OAHA B APYIYHY B PC3YNBTATE NEpPeHOCA 3JeK-
Tpona Jlas Taxoro npouecca cievia H3MEHEIHA 2HEPTHH N0 OTHOINEHHIO
K KOOpJKNaTe peakUHM HVeeT CHMMETPHUHYIO GOpMY, MOKAIAHHYIO HA

Mepexolnoe
CuLTosinHe

T
F
Ed

hT

j T2 T p—

Prarupy e penecraa ITpaTyrIm peakun

Ko OpAKEAT] PEIEUHH—

Ppce. 38 [lsvenesue 3uepiny B 3aPACAMOCTE OT KOOPAHHATH DPEAKDHI AR 33eKT-
POHHOTO ofMeHA, Np# KO1OPOM PeaTHpYINLe BEIECTRA ¥ KOodseunbie Npoly KT HAeH-
TITHIE

puc. 5.8. Dueprust aktuganuM E, . ofycJIoBjena tpess UPHUAHAMH:
1) saexTpocTaTnueckoll aHepruel (OTTAARMBAHME 4ACTHL OAHOIO 3a-
pafa); 2) sHeprued, 1eofXx0INMON 18 MCKANKCHUSA KOOPAHHALHOHHBIX
oboniouek ofcHX YacTHiy, U 3} HCPrucH, Heodiolinoll J41A BHIOH3IME-
HEeNHsS CTPYKTYPBl PACIBOPHTEIS BOKPYT hizkIoh uacTuusl. Brimn cie-
JAHB! PAZTHUIBIE MOUBITKH TOYIO BHIUHCTHTL KaXKIYIO U3 3THX COCTAB-
JAIOMHX M TEM CaMBIM Jd41b KGJAHYECTBEHIYIO OLUEHKY TEOPHH peakuuii
3NEKTPOHHOrO OOMeNa; B OTAEIbHbIX CAYYasX ObITH ROCTHIHY [bl HEKO-
TOpHIE VCHCXH, 3MeCh, OANaKo, 5T 3PPexTnl 6YAYT PACCMOTPEHB! TOMb-
KO KayecTBEHHO.

B ra6a. 5.4 npubclesbl HEROTOPHIE PEAKLHH 3MeKTPOHIoro obmena,
KOTOpble CUNTAIOT TYHHCAbHBIMK, “oTA 114 peakunit Col'—Co sro
MOMKel OKA3aTLCA NETOTHHIM, TAk KAk O/HH H3 PEArTenToR (1. €. KoMI-
gekcst Co') Obicrpo mionsepraetca oOmeny mauraniaii. Odaactb, ox-
BATHIBACMAs KOHCTAlITaMM CKOPOCICH, O4CHDL Beanka, 01 ~ 1074 1o 10%-—
[OYTH JI0 TPAHHL, KOHTPONS Audipy3nOHHbINE MeTodamd. Jins 3THX pe-
ARLME BO3MOIKHO XKa4CCTBEHHOE 0fbacHeline UadaiolaeMpiX HaMeHeHHH
B CKOPOCTAX B CBASH CO BTOPOH VUIOMAHYTOR BRINE COCTABIAIONMEH B
3tepruM AKTUBAIHH. TIepexoiHoe CoCIOAHNE HPH SJIEKTPOHHOM 00MEHE
HOMKHO OBIThL COCTOSTHHEM, B KOTOPOM 06¢ 4acTHUB o6IafaloT ONHHAE-
KOBBIVIM PasMepamMi. 3T0 oDbACHSETCs TeM, UT0 NCPEXOAHOoe COCTOAHNe
JJA [POLECca, B KOTOPOX He CYIIECTBYET HHKAKOTO PCTYIHPOBAHUSA JJTHH
CBsA3€eft J10 TOFO, KaK 3JeK1POHHLIN fepexol i1e00X0 1M MOCTEIO He pH-
Bellel K 3HaunTenpno Gomee phicokofl sueprid. Ilpeanogomuy, HTO
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Tutaunn 6.7

CKOpOCTs HEKOTOPRIX  PedKIBH  3JeKTPOHHONO OOMCHA
¢ BHCWHecHePHEBM B TYHNENbHBIM  MeXaHH3IMOM

KORULTAUTE TROTOCTH,

3
Peatedria t woaL—* cex T

[Feidipy)js*, [Fe (dipy)yf**
[ Mn{CN)aF=. [Mn (CNJ,i~
[MO{CN}, 2=, [Mo(CIN ). Jé—
[WCN) P, | W (CN). 4=
[IrClJE=, leClg]2~

[Os (dipy j]*—, [Os (dipyisid™

[Fe (CN)g)*=, [Fe(CN)yl*- Bropon  ToOpSAIOK,

~ 105 npn 25°
(MO 17, [MnO,)2~ RBropoil pnopsmox,

~ =] e
[Coengja, (Coen, i * 104 upu 0
[Col{NH Jgl? ¥, $Co(NHg), ! BTopoy  mopRIoK,
[CatCy0,)al3~, 1C0(CaOy)p)4 — 1079 npu 25

> 10% npu 25°

—_———

e

pas oomerna Col'—Co'"! sperTpon nepexogT roria, xorga oda HOHA
HAX0JATCH B TIOPMAALHBIX KOHUDY pallEAXx. ITC A0IKHO 06110 OBl Npu-
BECTH K KuMiLiehey (o'l O CBASAME, CIKATHIMH 60 80¢X HANPAB.1eHULX
10 1T1H CBASCH, COOTRETCTBYIOWMX KoMimekey Colll, M K KOMILIEKCY
Col' co CBR3AMM, BHTSHYTLIMA 00 6CeX KQAPUALeHUAX JIO CLA3EH,
orpevaoliix  Kommaerey Co't. 3710 bl Obl MAKCHMYM 3HCDIHH, H,
KOFla CBSi3H 1IPHINAY GBI K HOPME, 3HCPrus o6MenHBaomeHcs naphl yia-
1a 6Ll 10 MCPBONAYATLHON HEPTUA cHeTeMbl. OHIAKO STOT MAKCHAYM
guepriut GOJIBLUC, YeM TOT, KOTOPLIE ObLT GhI, eCdau PCalupy illie HOHbL
CHAUATY BHIOIMCHHIM Gl CROW WOUQMIVPAIKH TaK, Ti00b RaACIBL
BCTPETH AP TOM HOH, OV IYMU MOAKO Hanoaoguny 1eGOpMIPOBAHHBIN,
H 3aTeM OOMEHATHCh 3CKTPOHOM, OfHALC ueM (osbile ABe pearupyio-
O[Me YacTHUbLL OTIHYAIOTCH TO CBOMM MEPBOHAYANBHBLIM pasiepasi, Tem
BHIIE HEPTHS AKTHUBATIHH.

B cemu cayuanX, HPHBEAEHHLIX B BepXHel vactu raba. 5.4, ise ya-
CTHIL OTJHYAIOTCH 10JLKC OTHHM €K1 PCGHOM HA OpGH1AJIH, KO10Pas
HBJAETCS  NPHOMH3HTCABHO  HECBASBIBAIOWEHR OTHOCHTENBHO  B3aH-
MOJSCHCTBNS  MCIadn — wmiaHs (em ra. 26 ¢ gaasenefimum  of-
cymaenuen). TTosTory AIKULL CBA3Rll MeTaHT — AHFAHA ROMKHE! GbiTh
IPARTHYCCKY ONHHAKOBBINK A TBYX V4ACTBY IOIHX YacTHU, d BKAAK
CHATHA K PACTHHPEHUS CBA3CH B 3HEPTHIO aKTHBAUHH Z0.38eH OhiTh Madl.
HOas MnO7—MnO?~ 3aexTpor, © KOropom HIeT peub, He DACIOJI0NKEeH
fla CTPOFO HecBsispiBaowie# opduraan. B Tpex cayuasx wei1eHHOTO 1CK-
TpOIHOro o0MeHs HABMOAAETCH IHAUMTEILIOS PA3THYHe B LAITAN CDl»
sefi Merasll — Juranl. OaiaKo UMeIoTes TakKe o HAMeHeRIksl B CTONOHI
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CHAPUBANAR 3NEKTPOHOB CPEAM HEoOMEHHBAIOWMACS SREKTPOHOB Kam-
Jore HOHd MeTanaa. [ockoabKy 310, NMO-BHAHMOMY, MO0 Obl BARHTH
Ha CKOPOCTL fIpoliecca WM uYepes THEPTHI0 aKTHBAUHM, MIH (PakTop
gactorel (kKo3(dHUHEHT NMEpeioca ¢ TOUKH 3peHHs TEOPHH abComOTIbIX
CKOpOCTedl peakIuH), 3HaYHMOCTh Pes\JLTaTOR, foayuenHbrx Jas Col'—
Collt, e coscem smcna.

Bbuio HaitlleHo, 4TO B OTASbHBIX CVYASX KOHCTAHTL! CKOPOCTH, YKa-
BEHULE B Tald. 5.4, 3aBUCAT OT HISHTHUHQCTH W KOHUSHTPAUKH KaTHOHA,
npucyTcTByIoero B pactsope. (O6Mmiee BAHALHE 3aKAIOYAETCA B yBEJH-
MelHH CKOPOCTH € BORPACTAHWEM KOHUSHTPANWE Ka1WOHZ, HO ONpene-
JIeHHBIE KA1HOHBI JCHCTBYIOT 3HAURIeNbHO s@pextuiee. Obumee Bins-
IHC MOKHO TPUIRCATEL 0ODA3ODBAITHIO HOHIBIX 1AP, hOTOPEIE 3aTEM YMEHb-
aior EBJIC](TDOCTZ] THYECKHH Biaan B BH{:‘I')I NIQ (KTHBANHA, O]'lp(,‘,l{:‘.uIEHHOE
ciieunguuechoe BAHAIME, obuapyxeanoe [231, Hanpuvep, B cucTeMax
MnO7—MnO{ u (Fe(CN)i*~ — {Fe (CN)el*™, meHee moanaercs onpeye-
JeHHoMy oGbscHentio, [Tonarawr, ure sanasne [Co (NH,)sl*+ 1ia nepsyio
cuctemy ofiycnosieno ofpasoBaluer LOHHEIX BAD, 3HAUUTEALHO YBEAU-
YHBAIOHIMMCH NOY BAMAHUEM BBICOKHX 3apajioB HONGE. Bepostho, Gonk-
iioe paugnke uona Cst B of0oMX Ciyyasi CBA3ARO © €rD AefiCTBHEM B
KauecTBe MOCTHEA JIsl Nepefiadl »TeKTPOHA B ACHOJNHEIHE K YMEHBIC-
HHIO OFTAJKHBEHHUA MCHY aHHOHAMMH.

BHyTpHCepHbie NPOLECChl, MAH NPOLECCh ¢ YHACTHEM MOCTHKOBBIX
NHFaHEOR. YCTAHOBJEHO, UTO BHYTPHCQEDHbBIE HEPEXOTHBIE COCTORHAN
C yMa&CTHEM JHIaHIOoR, oOPa3yIOMIHX MOCTHKH, HabJAl0Tes B GObIIOM
qpcHe peaKUuH. ITo DbLTO H3YYeHNe TJABNLIM OOpPE3GM OPH NOMOUH
TOUKOTG 3LCOSPAMENTE, NPEIAOKeUHOoro u ucnmrtandorg Tayle u ero
wikonoi. O nokasad, UTO APOHCXOANT CASH)IOHIHe OOLUe PeaKHHU:

[Co(NHg)s X2+ -+ Crt #(aq)+5H + = [Cr(H.0)s X |2 + +-Co®+(aq) -+ SNH

(X=F-, Cl-, Br—, I-, S0}, NCS—, N7, poi~, p,0%,
CHCOO-, CH,COO~, KPOToRAT, CYKHHHAT, OKCJTAT, MaIeat), (5.41)

Yenmex sTHX  3KCOEPHUMEN10B OCHOBAH HA CAedVIOHX dakrax,
Kovnaexe Co'! He naduner, xoTa ectes runparuporamiisit Cril-nog,
W B npoaykrax peaxkuud KarHoH [Cr(H,O);X|*' ne nabuner, xoTs ectp
ruaparnposannnifi Coll-non. Hakhjeno, uro nepenoc X or{Co (NH,) X2t
k [Cr (H,O) X3+ nocuT KoauvecTBeNHell xapakTep. EAHHCTBEHHBIM
npHeMIeMbIM (00bACKeHHeM S3THX (AKTOB SB/ASETCA NOCTY/HPOBAHHE
nepexoaiore cocrosiEs (Hy;N},Co—X--Cr{H,0); u nonymenwne, uro
ccH aaextpon neperocutes or Crl' k Co'¥, 1o cBass Co~~X CcTAHOBATCS
aabuiapHofi (mpH sTom Co'! npespamaercs B Co''), B 10 BpeMsi Kak
cBsizb Cr—X crasoButcsl nefabunseoil (npu stoM Cr' npespaliaercs
B Cr'). Bamuo TawKxe OTMETATE, UTO U2 OPTARMHECKUY QHHOHOR, YKa-
3alHbIX B nepeulie JHrapgaos X, Asa yona (OKcanaT H MajJear) npeRcTab-
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AAIOT DPOTTMEHHYIO HETPEPHBAYI0 CHCTEMY CONPARCHUbIY T-cBA3CH

o O H H
A NS
2 TS
o \{3 —=C7 (|3:'=0
hY I
L
Oxeanar Manear

MeHKIY HOHAMH METANIA, B DE3VILTATE YeTO TERTPOUILIE OONET IIpo-
HCXOAHT npuMepHo B 100 pas OuicTpee, uen 370 mabmojaelca 114 A~
THX AHHUCIOB.

3acayKHUBACT BHHMAHAA TOT (akT, uTo B PeakiHsX, rie MOCIHKO-
BHIlt MEXaIH3M IECOMHENEH, CYLIECTEYET CIelylolitiii nopanok spdex-
THBHOCTH TIEKOTOPHIX ODIIHX aHHOHOB, J1elicTBYIOIMIIN B EAyecTse Mo-
crakoB: N; 3 [">>Br >=Cl~=[F". Dro, sepoarHo, MOKHO OIPHIATL
KaK XaPaKTeDHBLIH [IPH3HAK MOCTHKOBOrO MEXalM3Ma,

B oBugpapy Hecaetobalinax |26 peaknan (5.41), B KOTOpOA 1H-
rai X [peactasnser cofofi apoMaTHYeCckoe KOo/bllQ, COSRHHEHHOE ¢
Co'' uepes xapOOKCHABHYIO TPYINIY 1i CONEprkatilee TaKxe ApyTHe
Ebyﬂii]_l‘i’iﬂﬂaﬁ‘hﬂb‘ie fp‘_\,’ﬁﬂ‘b‘.[, 6‘]:.‘!.7114 HD.I‘]}‘EEHH HHTQ})ECHH& Janune O T,
uTo eclli Lo THETSBHAA I‘p} noa CO,'L&‘})}KHT KB])GOHHJ’I, TO CEOPUCID
peaxuull  sHaydlenpHo Boapactaer. CHHTAKT, 410 B 3THX LayUanx
Cr!! npucoeausaelcs K «OTAZTEHHON» KapOOHKABLHOA I'PyNRE H HIEKL-
POH TIEPLICCHTCA USPes fI-CHCTEMY apOMAaTHYeCKOro Koabla, B 70 BPEMH
kKax B apyrux caywasx Cr'' joopxen OpHCOEAHHATLCS KO BIOPOMY
ATOMy KHCI0POdE KOOPIHIUPOBAHHON KapOOKCHABIOR TPYHIIBI, KO-
TOPEH Ja1RYy THEHA IPOCTPARCTBE HHO |, CRENIORATETRUHO, MeHEE J10CTY T

Pearunyu 13 42), noTopble KaTa TUsHPYIOTCS CAERAMH Cr3+ | J0TKHEL

[CrNH ), X2 | BIT+ — [C(HL0), X |2 + +5NHT
gh=F—, 1= Br=, -} 1h 14

npoucxouTh no cxene (5.43) ¢ nonpeiM coxpadennes X B KOMIKICKCE
CrH i ¢ noanodl notepeit NH,

{'CrsNHsr\,\]“ 4+ *Cr2*iagi -

V[CFaI iy ==t HaO 5]} o [*Cre g0 1 X ]2+ + JCrINHyls ] 15 43)
frat1py

Nepexoanne  cocTumme sk F

S5NHaY + Crttpag)

Cyw(ecTeylor 1 Apyrue ciyuau, ocobetiio obmen [Cr (H,Q)s X ¥
(Cr (M,Q0, I+, 8 KOTOpHIX cOXPaHeHue Ipymibl X HOKASKBACT, H10 01kl
AOMKIL B AKTHBHOM Kommaexce ofpasopatb Moctuk, Towo ik
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ecid Fe*  poccranapiusates Crit B OPHCYTCTBHU TaJOreHHI-HOTIOB,
coegunenue xpoy{111) obpazyercs B Buge 1Cr (H,0),X1% .

Bo3MOKIOCTL  OCYIIECTBIEHHST peaKUMA, B KOTOPHIX 0GPasylorcst

MHEOFOUHCTIEHHLIE MOCTHER, 1‘13}"-1('_1.713(_‘13 B Tevenue TAHTOILHOTO BPEMQHH,

HO OHa TIOLTREPXKIeHA Oblia Nmiib uegasHo. [lepepiv upunepoM oxa-

sanacy peakuna yuc- {Cr{H,0), (NHy), 1 ¢ Gt Coscem nenasno 127)
OBLTM HAWICHS IPYTHE TIPHMEPBI, BRACYAST W CAelyloline:

tuc |Co{NH ), {OCOR) + +Cr2 ¢ —s guee-[Cr (H,0),(0CORY,) 1+ —Co2 t+

[CofAITI)) ™ —Cré+ —s Ca + 4 [Cr(H,0),(30TK)| -

B nocnekeii peaklUill B KadeCTBC JOCTHKOB, OUEBILTHO, CJAVXKAT 1pH
aToMa KUCTIOPO1a Modeky Thi I TK

(:yl[LL‘CTB}'ﬁ’l eJUHCTREHHAY CHcienma, 1.1 l\’OTOpUILi HIBECLIIG, UTO
B jiek 1efiCTBYIOT RaK TYHHeILHLEIA, Tah N VOCIMKOBRI \EXaHUZMEL, 4
unerHo creteva [Co (NH,) ;X 13 —1Co (CN), 17, Ee ckopocTh o MOCTH-
KOBOMY MeXaHH3MY B 3aMETHOH CTCHEHH 3aBUCUT OT WASHTHUHOCTH X, B
TO BDEMA KAK CKOPOCTE TYHHEILHOFO MEX@HH3Ma MPAKTHYCCKH He 3a-
BHCHT O X.

Obmen keneso(1l) — meaeso{111). 21y cucremy mmpoxo wzyvanm
B CaMbiX pa3H006paBHb]X YCITOBHAX, 110 BCE e OCTanoch JJ0BOJbHO MHOTG
HEOCNPEALJICHHOYO B €0 MEXANHBNE. B s1om Ciyaae JadiILHABIMK RBJA-
I0TcA Kak FrApatHpoBadlibie Hodvl Fe!l uau Felll, Tak M KoMILieKcH,
ROTOpble OLIAM YiKe PACCMOTPEHDL, B TO IKe BPENMH, eCay BPeANOIOWATS
MOCTHKOBEIH MEXAHHM3M, 10 HC CVIEECIBVET HHREKOIO NpoCTore myty
LA OOATReDICHMA eT0 TRARANLHOCTH ) KROJME TOLO, TINW KaTopayd BOC-
crapopute.den ABasetes Cr'. Boraba. 55 npuBenonsl 14iHple 0 pedk-
mpgx Fel' ¢ panov komnaexcon [e'l.

TaGauna 55

CRONOCTE 3ITCKTROHIOTO OBMEeNs Memiy
Fe!l 5 pasfunanblue HOHAMH, COASDMATIHNMT
Eelll

KRG 0T ¢ Kapow
Cos wrennn Folid mpr A7
PR N L T

Fei~{aq) 0
FeF i+ g
FeCls+ 9
FeBrtt 4
FeNy?r 1.8
FeOQH?+ 1.0
FeC,0; 7.0

Tor Gaxt, uTo RCC KOMANCKCW PEArypyior GuHCTPee, Uenm AKB(-UOH,
YACTHYHO CBA3aH C YMEHbIIEHHEM THCTOTO 3apsia u 1€ HBIAETCH KadecT-
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BeHIHLIAM A0Ka3ATeJECTBOM B 1OAL3Y ONpeseNedHoro Mexanusma. Oanako,
MOCKOABKY CKOPOCTH ATA MOHROTANOICHO-KOMINIEKCOB NPakTHHCCKA BCE
OTHHAKOBH! {B OT/MHYUE OT Pe3y.AbTaroB, MONyueHHbIX Anf notos CrX2*),
AJIA COEDBHERNN MeNela MOCIHKORBH MEeXaliiaM KaXkKeTCR HeBepoaTHBIM.,
C apyroit cropods, Ads Koumtekeos ¢ Ny, OH™ # C,0;~ pospacranue
CKOPOUTH OTpaxkaeT GOAbINE, I8N IPOCIOE 3.1 KTPOCTATUUCCKOR BNUA K,
M ero paccMaTpHBAOT Kdk CBHIETCILCTBO MOCTHKOBOIO MeXaHH3M4,
XO18 ITO U U BOOJANE T0Ka3aHo.

Hecnenosarend NpenovTodsiIy, 4To ofmed akBO-HOHA MOHET [Ipo-
uexo e yepes non FeOlT*t ¢ cuMmerpuHbIM NepeXoanbiM COCTOHHHE M
5. XXXIX

{HQO\BFe—CI)»--H"'?“—FNHQO]s o
1l 13
5 XAMIR

Ecnu 370 Tak, To peaKURIo CKOpee MOXKIQ PACcCMaTPHBATh KAK nepeHoc
MpoTOHa B OAHOM HANPABJEHH, i He KK Neperoc 5JeKTPOHA B AP -
TON lléll'lpEiB."IeI']l‘TH ECTeC[BeHHU, HEeBO3MOXKIIO }.’C'THHOBHTI? pasminy
MEKLY STUMH [IBYMS 1POLECCAMH fla OCHOBaNNM 3dKOHA CKOPOCTH, H
eTHHCTBEHHRIM J0KAZATeNThCTBOM, NPHBOAHMBIR GA% npougcca nepeHoca
NPOTOHA, SIBIAETCH HIOTONHBIA (perT (MCLIENTIee NPUMEpHO B 1Bd
paza 6 D,0, ven B 11,0}, Tewn He meliee DbLTO NOKA3AR0, YTO NIOTONHBIN
athpesr 1€ 0OA34TEeNHLHD J0KCH NPOTHBOPEUHTD TIDEICTABNCITHIO ob
ODLIMHOM 'l‘}'HHe.TIbﬂU}\i Aexadnsne.

JIBYX3AEKTPOHHMBIT TIEPEHOC N HEKOMIUIEMEHTapHbIE peakuum. (-
HISCTRY B HeROTORLIR INCHMENTEY, HMeUiHe }'QTOﬁHKBbﬁE QRUCIUTE b
ILle COCIOSIiMA, CTeNeHH OKRCICHHA KOTOPLIX pasaHdaInTcs Ha HBe
EAMKMHNLY, TPHUeRt mOHIY [IKAMKE et ADVTk yQTOﬁ‘-IHBb[K COCTGHHEIA.
Hajincio, Y10 B NEKOIOPLIX 1AKHX C1ydasX, eIy fie BO BCeX, Habuo-
facTe By X3MERTpoHLL uepeiioc. Bonee noapoGHO GBLTH H3yUelbl
cucrenit PU'—Pt'Y  (koropas KpaTko pacCMaTpHBAeTCA HMIKE) 11
TU—TIM [Onu nocdeXned B BOIHOM pACTBOPe MEPXIOParoBR 3daKoH
CKOPOCTH OHUCHIBAETCH CIEAYIOUIHM OOPA3OM:

=it |TUFTI ] Ry TIOH2 11T+

B nprCYTCIBAN APYTHA aiMOHOR HafifieHbl OoMee CAOKITHE 3aK0ik! CKo-
POCTH. ) K&SLIBAIOWHE, UTO ABYASJEKTPONILIM [OEPEROC FPOHCXOANT
yepes pasavuiine xoMamsencs T1%+ . Bee pearuuyu, 00V IKIABIMCTH 10
HACTOHLIENO MOMEHTA, ObLIH KOMAACMEHMGPHbiML, T, €. OKHCJIHTCAB I
POCCTRAHOBHTE AL MAIMEHARH OKMHCIUTENLHBlE COCTOAHHA lia ONHO I T
KO uHCIo crenenefl okucacHHaA. JLIA HeKOMIACMEHTApUbIX pearuil,
HanpHMep
oFe2+ T3+ =2F (34 - [ 1+
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BOBMOMCHE! MHOFOUHC/ICHHBIE Da3/MUHbIC MeXaHW3MBl [EpPeHoca JJeKT-
poHa.

Otmen muranop MyTeM 3aekTPOHNOro ofiMeHa. Ecii aTon MeTania
00pazyeT KaTHOMBI B IBYX COCTOSUIMSX OKHCJCHHS, NPHUEM ORHE
Karuoil AaeT NabHIIbHbIC, 4 ADYFOfl KIEPTHbIC KOMIIEKCH, PeakIMIO 3a-
MEHIEHHA MOXKHO YCKOPHTE HPHCYTCTBHEN CREROB JaOHILHLIX KOMILIEK-
coB. ITpuMep nog06HoTo pora yaKe 61T TpuBeReH 8 peakuy {5.42), B ko-
topoit Crl! axripranposas womngercs! Cr'll. Taroce Heodpgnoe ABJICHHE
GeLI0 OOHAPYHERO TaKKe 1715 BOAHOMN cuctessr Col'—Coll! u apnserca
HOBONBLHO OGN 115 cHcTen PtU—PtIv,

Hon Pt gatammmpyer ofven adoputuona ¢ |Pt (NT),Cl, 12+
TNIPHYCN 3aKOH CROPODCTIH B TAKOM Cay a0 HAICCL BIL . ) ’

¢= R {PUPLYCI-|

Ias ofpacuenus s1oro Gum mpeiokeH CACTYIMUA MeXatlnay;

PHNH L2 3 ¥Ci™ = PUNH,2,*ClH6metpo yeronanasnaomeces passasocne)

HaN NH;  II;N N, 15F

/

PHNH3)sCla2" + PHINH5) g *CHF & | Gl PHleennaseiClorevrnd {

7\
HaN NH:  HaN \NH3

= PHNIIE) 4 CLF + Pt NB,la3CICI+

=

CrpyKTypa AfeInoSoHeINore aKiHBHOID KOMILICKCE, ILIH [PONENY-
TOYHOTO COENMHERNS, BOCHAMA RPABIONON0GHA, TPIIeM BIG Tile CHABITHMA
CO CTPY KTYPOR, O0HAPYKERIOH B KPUCTATLIAX TIEKOTOPLIX COSHEHAR,
COflepaulix pasibie Modbnbie joan Pt w PtV (cm. pasp. 30.1.1).
CyllecTBYIOT TaKXe Bamuble KHHETUNCCKHE JO0BOJbI, NONTBEpPHKAAIO-
mue 3TOT MexaHusMm [28]. Bepositho, cienn PUY, oSpasosasiunecst nipu
JAEHCTBHH CyYaiiHBIX BOCCTAHOBHTEIEH (CEHOB MOIOB IPYTHX MeTan-
JIOB, OPTANHYECKHX BEIECTR H T. N ) HIIH SOTOXHMHYECKH, HOPAIOT BaMH-
HYI0 POlb BO MHOFHX Deaxuusax kommiekcos PUY. Maseerno raxzxe. uro
CASIBI ADYTHX MET411I0B, ocobeHlio Ir, CYHICCTBY e B HeCKOIbKHX
COCTORITHAX OKHCNENN, WoryT KaTadilaupopars peakuuu PP,

5.19. Pearmun, o EOTOpHIC BETYHAIOT KOOPRIUHPOBAUHBIC LIPALDHT

B mpexkiayniux pasfenax Gbwia MonpoGHO PaccMOTpeHa CTPYRTYpa
KONILICKCOB M HEKOTOPHIE DEaKiHH ¢ YUaCTHEM KOMILIGKCOB, BXJKYAK-
IUHe 3aMellenye NHTaHl0B, H3OMEPH3AUMIO U OKHCJAHTEbHO-BOCCTAHO-
BUTEALIEE peakuud. Temepb paccMOTPHM KPETKO CYIHOCTb peakilni,
3aTPardBaloNiHX KOOPAHIHPOBAHEBE iranibt. B HCKOTOPHIX CIyEasx
peaKuuH, B KOTOPLIX YYA4CTBYIOT KOODAMHUPOBANHBIE AHIAHHE], KOAM-

EOOPOHITAUMOHHBIE COFIMELIIHYA 217

ueCIBenHo OI00HN Ten PeakliiiAaAM, B KoToPbX MOLYT y4acTBoBafs CBO-
GoNHbie JUralfel, 38 ACKHOYEHHEM TOrQ, UT0 H3MEHSETCA CKOPOCT.
peakliby HIH CMEMLAeE s COOTReTCTEYIOULES XHMHAUeCKOC paBIOBCCHE
Onnako B APYrMX CAy4asx NPHCVTCTBME HOHA MRTania HACTOMBKO W3-
MCHHAET BAEKTPOHHYIO B (AIH) FEOMETPHUSCKYIO CTPYRTY Y AuIaBia, uto
OHM BCTYRAIOT B KAUECTBEHHO HOBBIC peaxitH. ClelyerT OTMETHTL, uTO
HHOINA JeJeTK0 TPAMO H AOJOXMHTEILHO KOKA34Th, W10 JHTAHL pearil-
pyer, noka oH KoopAusnposan. BooBile BO3MOXKHO, UTO PYHKOUS Me-
Tanaa sagnouaetea cKopee B cTa0HAH3aUHY NPOJLY KTA, Ue€M B aKTHBALMH
aurantd. TeM He MEllee NOYTH BCE NPHMCPLI, TUPHBEAENLE HAXe, Ki-
FKCTCSH, ONPEIGNEHHO NOATEEPKAAIOT, YTO JIMTAHA Pearupyer Ao TeX nop,
HoKd OH KOOPAHHKPORAH.

Peaxkuun ¢ ydacTuem pogeposa kauw ero HoroB. OaHolt W3 npocted-
UIBX peaxunfl, KOTOpas OwNa yKE 00cy:KIENa, HBJRETCA NOTEPH HPO-
TOH2 113 c)ephl KOOPAMHHEPOBAHHON BOAL KAH, 11a000pOT, NPOTCHMpPOBA-
HHE THIPOKCC-KOMIJICKCOB, HAiipuMep

[AH,0), >+ 7= [AKH,0),0H]* ¢ +H+

B ston cayuae HOR MOTaNAa HPOCTO YBOIHYMBACLT PEaKHHOWIYIO CNocos-
HOCTbL CBOGGHHOIO JHranfa. Pedknuy RBpoTOHMPOBAlIAA JHTAUL0B [10-
BOJBHO OOBIYNH, [PHYEM CYIIECTBYIOT M ADITHE NPHMEPH HPOTOIH]O-
BAHUA, HAUPUMED, LWHAHMAHBLY JUTAHIOB

TFephen,(CN},+H™ = FephenldCN)CNH)+

B cpofonneix usanununix Kucrolax, notoduux H,(Fe (CN)gl, npoiou
cBA3AY BOTOPOIHON CBSI3EI) ¢ atoMon azota CN-jurasna.

Touno 1ax xe, kaw H.,O, iepaTb npoToH MOIYT KOOPAHHAPOBAIIIbEE
avuHbi, nolodntie N, W 2iMTeHAHANMTY, CHM Takke MOTY1 10i-
BepPrarLed Peak (s JeNPOTGHEPOBAHKA, T. €. B UG![LEM BLIIC

ML,NHy = [ML,NH,{~ L H+
ML, (H,NCH,CH,NH,) = [ML(NHCH,CH,NH_}]~ +-H+

Koumieke ¢ e, KOTODhH# NoTepsi npotoH, ofo3mauaioT o0BUHO Kak
KOMILICKS ¢ (en~11). KucnoriocTs KOOpAHHEPOBAIHOIC €N HEBeaRKa,
OIHAKO W3VEHAETCA HACTOIBKO, YTO QObIMHO TPedvCL TeficTBHA A0CTa104-
HO CHIbHHX ocHopauun, Tak, obpadorka ]Iren,ll, pacteopox KNI, B
WUAKON AMMHAKC IIPH HHAKOM TENIEPATYPe HPHBOAUT K NOCACIORATENL-
HIOMY YAQJICHHIO [POTOHOB, (IPH 3TOM MOFYT ObiThb OXapaKTepH30BaHbI
129) kommmexeni §Irfen—I1),enil u K, tr (en—2H), (ecn—H)I.

HeemoTpa Ha TO W10 peakuuy YIOMSHYTOro Bhilie Tuna sooliue obpa-
THMBL, PAcHa] MHOTHX KOMIICKCOB NOf ReHCTBHEM KHCJOT [POTeKacT
uepes CTaluo HPOTOHPOBALIAA AU a0k, VI3BecTHs cyyan, kovia mpo-
TOHMPOBAH H UEUTPANBIBIA 2TOM METaJaa, HO 3TH npuMephl 034y T pac-
cMOTpeInsl B . 27,
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Hspecren psin APYTHX peakumit, B KO10pbIX RKOODAHHUPOBAHELI JI1-
TAHA MOMET yYacTBOBAIb B OGPATHMDBIX fipolicccax meperoca npoTora
BIH THADHR-HOHA. IDTH peakupw, KOTOpPLIE UGBIYEO OTHOCATCH K peax-
UHAM KOMAJCKCOB ¢ ogedmnHamp, HHRJOTICHTAAHeHRILHBIM HAT apeHo-
BBIM JIHT@HZaMH, GyAVT noapoGuo paccMoTpenst B 1. 28, 3aech MomHO
TPHBECTH ONHH NPHMED, a HUMellHo

H-(BH])
(v Cslha),Cot == {m1-C;H;)CoC, H,

KHLAO00 4

rle deyoKaausonalHoe 1-CyHq-koab10 mon Acficrsien [17 fipenparitaeteyn
B CBAISANHBH LUK 1O0CHT AM1CH,

Peaknyn saMeteHAR. B 0118 nuniy CAVUARX  KOUDIHTTHPOBATHLLA
JHraHa offaagael CHOACTBAMH, CRABHHMEIME CO CBOTICTBAMK 2POMATH-
UYECKHX CHCTeM, BCASTICTBHE ACIOKAINZANNH 3IKTPOHHON NNOTHOCTY
TAKOFO XapaKkrepa, yTo CTAlOBATCH BOSMOKHBIMH Deaxilis 3aMen(eims,

Onua w3 HauGosee OGUIMPHO pPa3sBHTHIX CepHil TAKMX pearnuil aa-
MEINEHHA OXBAaThIBaET KEIE300Praliuueckoe coefHuenne — deppouen,
(n-CsHs),Fe, n anamornynue KomILtekest {cu. ra. 28), pas KOTOpPbIX ocy-
LIECTBUMO GOTHIIOC YHCA0 OprakHuecKy X PeAKLMIL, THIHYHBIX 715t apovia-
THUCCKHX NHKJIMYECKHX cHCTew, HaNpumMep peakuuun Ppunens-Kpadrca

(1 G aFe - CHyCOC - A" ¢ 1 jre s C;H,COCH,)

Bosee wupoko Germi neerenopany OGBIUHBIE KOMILIEKCHT — HEHTDAMT-
Hble aueTnaauercnare, Macacl, B sTOM CIYYae  BH\ TPUKONTLIEKCHOR
Koablo ofpazyer KBASMAPOMATHYECKYIO CHCTeMY MOTYT GuiTh OCy-
UMECTBICHD Takue peakiiiu, Kak TallorellupoBatye, HATPOBAIHE U AL~
‘TIPOBaHKE, HanpuMep

HaC H
3 ~ 3(‘\
C—0 Cm
/_-" \ Bry B FANERAN
H=C:  ifrtacae), —iZ. Bre—Ci ICnacau, + DB
\n./ ’ A\
P o0
HaC ’ Hs(C

Peakmun npucoegsinenns u KOHAEHCAUMN. AAKHTbHEIE PPYNINH yacTo
MOTYT NPHCOCAUHATECA K ATOMAM CEpbl CBA3AIHEIX THOMBHLK Py,
TaK, HanpaMep, ecau [NT(NH,CH,CH,$),] obpaborath anxkmaramnc-
reunoM RX, to koopanuuposatime MEPKaHTO-FPy M6l NPeBpailatoTes
B CBASAHHBIC THOI(MDHLIE IP\NNbl B 06pasylomesMes OKTasApHIeCKON
KoMiiekee [Nj (NH,CH,CH,SR),X,l. 3ror 1ary pearugn npuacoeny-
HCHAR  MOACHO  ACOOHB30BATH A 06pasoBamys MaKPOUNKANGeCK X

RKOOT M ALIOHH BIE COEJTHF HIA 919

-
nuranios [30], kax nokasauo ypaeuennen (5.44)

Br
Hzt,—-«-C}\-i( I}C— “—CH,
/ 1 RN s—rik
ANH - BICA NS
= \m i — /\1\
| e
R/C\‘““N/ \S CIS R \N\ SN
N ({ : HyC——Ci,
Pt o Er 13441

O6pascBanue Komunekcos wH(GOBLIX OCHOBAHUA (1. o. coenune-
BHIT, comepikammux ——N=C<-rp3 Ni1y) 9acTo HPOBOLAT CHAUATA IOy~
L

MEHHCM KOMILTEKCE WMe1a.17d ¢ KEerpHoM HIH AIBACTHIOM H 3aTeN Mo-
TACAVIILCH f)é])ﬂﬁ()ll\()ﬁ FTOTO LOMILTERCA NEPBHUINLIM AMUHOM HIH Ha-

200poT, nanpumep

H
0=C R=t
-~ e
12 RNHy = M + 1 Ho
\D /| \O |

OIHako B 318X peaxkiluax BO3MOXKHO 0Bpa3oBaiibe nnddora OCIIOJ}?E'HHHE
IIpH PCEKUMH HEhCOPAHHHPOBAHHLIX JUCAHAOB, HPHIEM }!%JH \ILllfj:'l.I“
CHYZKH1 TONBKO CTaOKIM3aI0POM MPOTY KTA PEAKUAN h THIPCIITHUCCKO
" Mpil;gf;i{lii[mi?éKOTODI)IE‘ CUCHE THILEPCCTIBI LRI, hOTOPLIC -
URIAINICA ¢ 06]);1 WORAIT T T BOBLIY OCHORATIT 1ty [yt | tli:f\t::::
MaR PO, IHIOC KM TIOTH I HDEL By YA b l] I!_u.m CHE oA
[311. Napakiepidst peaniist oiperact \ pasnenio o 1)

=

i,
(cngzi:/ \‘ﬁCHS

Hy =By /N ~CHy

1 = I {5.45
{Nieng]* -+ H{CHyLC0 = an + Hz{ljn.‘-q/.\J\N--‘(f:Hz (5.45)

!
Cilt_ _ClCHa)

Tl

[Tposy KTe! 3TOrO 1WA MOMKHO KaTaadllMYCCKd TPOrMAPUPOBATh # NO-
e : aNQATHUECKUE 1CTPANHIB,
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FIOCPCICTEEHRO OKPY:Ka0T aton Co B CTPYKTYpe BHTaMIIHA B,.. [Ipa Be-

)Egniga)}x COEJIUHEHHA CepuCH PeaKLHH MOKHO 1PEBPAlNTh B KOMINIEKC
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Hpyrue peakipuu. HM3BECTHO MHOXKOCIBO APYTHX THMNOB peakLuil KO-
OPAHHHPOBAHHLIX JIHTAHAOB, HEKOTOPHIC W3 IIMX GYEYT PacCMOTPRlbl
noake. Muorue M3 274X peakuull ABIMIOICA BAXKHBIMH NPOMENK) TOU-
HBIMH CTYJIEHSIMH B KaTa/iMrHYecknX npoueccaX. Ocolenno BaXKHLL pe-
axuuls gHedperus, Koria wedonbiune moneryasl CO, CoF; wan SO, nol yT
BHEAPHTBCA MEXKJLY ATOMAMH MeTamnia u’ nwrania —(éﬁuuuo SRR L-
{IOH TPYOIBL), HANpUMED S

L, M—CH,—CO = L ,M—C—Cil,
|
O
(nacTh 3THX peaxuuit paccMorpeila B ra. 28).
] KaTanuriyeckoe BInsHUE HOHOB METANAOB 1A MIOTHE OPraHiieCcKHe
ueograﬁmecwe peaki(ui 00y CHOBNICHO U3MEIeHAMI B PeakllUOHION
crocoGHOCTH JIHMAN1%, BHI3BAHHBIMA KoopaHRande Muorue peakuus
Karanusupy emble  (JePMENTANH, B KOIODBIX C)NECTBENIO flamiiue
aroMa MeTania, nojlooHere Mgt Zn®-, Cu*t 11 1, uouafanT B 3TY
Kareropuio peaxiui, ‘ H ’
) BaHr™N HPHMEPOM SBIAIOICA KATANH3IHDY EMEIC WOIOM M1 pe-
KitHH JeKapOCOKCHAMPOBAHHA KapOoHOBLIX KHCAOT Bo3VoKHbIE Me-

XaHH3M TAKOH peaKuBE AJdd  JIHMCIH.I i
) JI12BeNeBOYKCY CHO {
nokazan cxemoit (5.47) JHREYCHOM - HHEAOTH

H
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